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tKEFACE. 


The  division  of  this  Manual  into  two  volumes  has  afForded 
the  means  of  treating  the  subject  of  Organic  Chemistky 
more  fully  than  was  possible  in  the  previous  Editions. 

The  arrangement  adopted  in  the  present  Edition  is 
the  same  in  principle  as  in  the  last,  organic  compounds 
being  classified  according  to  their  chemical  structure  and 
functions — as  Hydrocarbons,  Alcohols,  Ethers,  Acids, 
Bases,  &c.,  and  the  compounds  in  each  group  arranged 
in  Homologous  Series. 

Particular  attention  has  been  given  to  the  study  of 
Isomerism,  especially  amongst  the  Derivatives  of  Ben- 
zene, our  knowledge  of  the  isomeric  relations  of  these 
bodies  having  lately  attained  —  through  the  classical 
researches  of  Koerner  and  other  distinguished  chemists 
— a  high  degree  of  precision  and  completeness.  This 
part  of  the  subject  is  here  presented  in  a  form  in  which 
it  has  not  yet  appeared  in  any  English  publication,  except 
the  "  Journal  of  the  Chemical  Society." 


Vi  PREFACE. 

The  portion  of  the  previous  Editions  relating  to  Phy- 
siological Chemistry — including  the  description  of  the 
Tissues  and  Eluids  of  the  Animal  Body,  and  the  Func- 
tions of  N"utrition  and  Respiration — is  omitted  in  the 
present  Edition,  this  department  of  Chemistry  having 
now  become  so  extensive  as  to  require  treatment  in  sepa- 
rate works. 

HENKY  WATTS. 


Scptenibcr  1877. 
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CHEMISTRY  OF  CARBON-COMPOUNDS 

OR 

ORGANIC  CHEMISTRY. 


INTRODUCTIOF. 

The  term  "  Organic  Cliemistry "  originally  denoted  the  cliemistry 
of  compounds  formed  in  the  bodies  of  plants  and  animals.  The 
peciiliar  characters  of  the  compounds  thus  formed,  and  the  failure 
of  the  earUer  attempts  to  produce  them  by  artificial  means,  led  to 
the  erroneous  idea  that  their  formation  was  due  to  a  mysterious 
power,  called  "  vital  force,"  supposed  to  reside  in  the  living  organ- 
ism, _  and  to  govern  all  the  changes  and  processes  taldng  place 
within  it.  In  accordance  with  this  idea,  the  chemistry  of  organic 
compounds,  including  those  which  were  formed  by  artificial  pro- 
cesses from  the  products  of  vegetable  and  animal  Kfe,  was  erected 
into  a  special  branch  of  chemical  science. 

Later  researches  have,  however,  shown  that  a  large  number  of 
compoimds,  formerly  regarded  as  producible  only  under  the  in- 
fluence of  the  so-called  vital  force,  may  be  formed"  either  by  direct 
combination  of  their  elements,  or  by  chemical  transformation  of 
inorganic  compounds. 

The  fii'st  step  in  the  formation  of  organic  compoimds  from  their 
elements  was  made  by  Wohler,  who  showed,  in  1828,  that  urea, 
the  characteristic  constituent  of  urine,  can  be  produced  by  mole- 
cular transformation  of  ammonium  cyanate.  This  experiment, 
viewed  in  connection  with  the  fact  established  about  twelve  years 
afterwards,  that  cyano^ren  (CN)  can  be  formed  by  direct  combina- 
tion of  Its  elements,  is  conclusive  of  the  possibility  of  forming  a 
product  of  the  living  organism  from  inorganic  materials.  More 
recently  It  has  been  shown  that  ethine,  or  acetylene,  CgHj,  can  be 
produced  by  the  direct  combination  of  carbon  and  hydrogen  ; 
that  this  compound  can  be  made  to  take  up  two  additional  atoms 

rOWNES. — VOIi.  II.  A. 


2 


ORGANIC  COMPOUNDS. 


of  hydrogen  to  form  ethene,  CjH^ ;  and  that  this  latter  compound 
can  be  converted  into  alcohol^  CgHgO,  a  body  formerly  supposed 
to  be  producible  only  by  the  fermentation  of  sugar  ;  and  from  this 
a  large  number  of  other  compounds  can  be  produced  by  the  action 
of  various  reagents.  The  researches  of  Berthelot,  Kolbe,  Wurtz, 
and  other  distinguished  chemists,  have  led  to  the  discovery  of  a 
large  number  of  other  cases  of  the  formation  of  organic  compounds, 
often  of  great  complexity,  from  substances  of  purely  mineral 
origin,  and  ultimately  from  the  elements  themselves.  The  division 
of  compounds  into  two  distinct  branches,  inorganic  and  organic — 
formed  according  to  distinct  laws,  the  former  being  artificially 
producible  by  direct  combination  of  theii"  elements,  the  latter  only 
under  the  influence  of  a  supposed  vital  force — must  therefore  be 
abandoned.  There  is,  indeed,  but  one  science  of  chemistry,  of 
which  the  study  of  the  compounds  called  organic  forms  a  part. 

Organic  chemistry  is  in  fact  the  chemistry  of  carbon- compoimds, 
and,  in  a  strictly  systematic  arrangement,  these  compounds  should 
be  described  in  connection  with  the  element  carbon  itself.  But 
the  compoimds  into  which  carbon  enters  are  so  numerous,  their 
constitution  and  the  transformations  which  they  undergo  under 
the  influence  of  heat  and  of  chemical  reagents  are,  in  many  in- 
stances, so  complicated,  that  it  is  found  best,  for  the  purposes  of 
instruction,  to  defer  theii-  consideration  till  the  other  elements  and 
their  compoimds  have  been  studied. 

It  is  important,  in  this  place,  to  mark  the  distinction  between 
organic  compounds  and  organised  bodies.  Organic  bodies, 
such  as  marsh  gas,  ethene,  benzene,  alcohol,  sugar,  morphine,  &c., 
are  definite  chemical  compounds,  many  of  which,  as  abeady 
observed,  may  be  formed  by  artificial  methods  ;  those  which  are 
solid  can,  for  the  most  part,  be  crystallised ;  those  which  are  liquid 
exhibit  constant  boiling  points.  Organised  bodies,  on  the  con- 
trary, always,  consist  of  mixtures  of  several  definite  compounds. 
They  never  crystallise,  but  exhibit  a  fibrous  or  cellular  structm-e, 
and  cannot  be  reduced  to  the  liquid  or  gaseous  state  -ndthout  com- 
plete decomposition.  Lastly,  they  are  organs,  or  parts  of  organs, 
which  are  essentially  products  of  vitality,  and  there  is  not  the 
slightest  prospect  of  their  ever  being  produced  by  artificial  means. 

The  study  of  the  composition  and  chemical  relations  of  organ- 
ised bodies  belongs  to  a  special  department  of  the  science  called 
"  Physiological  Chemistry,"  which  bears  the  same  relation  to 
Organic  Chemistry  that  Chemical  Geology  bears  to  Mineralogy. 


BECOMPOSITIONS  AND  TEANSFOEMATIONS  OF  ORGANIC  COMPOUNDS. 

Organic  bodies  are,  generally  speaking,  distinguished  by  the 
facility  with  which  they  decompose  under  the  urfluence  of  heat  or 
of  chemical  reagents  ;  the  more  complex  the  body,  the  more,  easily 
does  it  undergo  decomposition  or  transformation. 
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•'  1.  Actmi  of  Heat. — Organic  bodies  of  simple  coustitution  and  of 
some  permanence,  but  not  capable  of  subliming  unchanged,  like 
many  of  the  organic  acids,  yield,  when  exposed  to  a  high  but  re- 
gulated temperature,  in  a  retort,  new  compounds,  perfectly  definite 
and  often  crystaUisable,  which  partake,  to  a  certain  extent,  of  the 
properties  of  the  original  substance.  Carbon  dioxide  and  water  are 
often  eliminated  under  these  circumstances.  If  the  heat  be  sud- 
denly raised  to  redness,  the  regularity  of  the  decomposition 
vanishes,  while  the  products  become  more  uncertain  and  more 
numerous ;  carbon  dioxide  and  watery  vapour  are  succeeded  by 
inflammable  gases,  as  carbon  monoxide  and  hydrocarbons  ;  oily 
matter  and  tar  distil  over,  and  increase  in  quantity  imtil  the  close 
of  the  operation,  when  the  retort  is  found  to  contain,  in  most  cases, 
a  residue  of  charcoal.    Such  is  dry  or  destructive  distillation. 

If  the  organic  substance  contains  nitrogen,  and  is  not  of  a  kind 
capable  of  taking  a  new  and  permanent  form  at  a  moderate  degree  of 
heat,  then  that  nitrogen  is  inmost  instances  partly  disengaged  in  the 
shape  of  ammonia,  or  substances  analogous  to  it,  partly  left  in  com- 
bination with  the  carbonaceous  matter  in  the  distillatory  vessel. 
The  products  of  diy  distillation  thus  become  still  more  complicated. 

A  much  greater  degree  of  regularity  is  observed  in  the  eifects  of 
heat  on  fixed  organic  matters,  when  these  are  previously  mixed 
with  an  excess  of  strong  alkaline  base,  as  potash  or  lime.  In 
such  cases  an  acid,  the  nature  of  which  is  chiefly  dependent  upon 
the  temperature  applied,  is  produced,  and  remaius  in  union  with 
the  base,  the  residual  element  or  elements  escaping  in  some 
volatile  form.-  Thus  benzoic  acid  distiUed  with  calcium  hydrate, 
at  a  dull  red  heat,  yields  calcium  carbonate  and  benzene  ;  woody 
fibre  and  caustic  potash,  heated  to  a  very  moderate  temperature, 
yield  free  hydrogen,  and  a  brown,  somewhat  indefinite  substance 
called  ulmic  acid ;  with  a  higher  degree  of  heat,  oxalic  acid  appears 
in  the  place  of  the  ubnic ;  and,  at  the  temperatiu'e  of  ignition, 
carbon  dioxide,  hydrogen  being  the  other  product. 

2.  Action  of  Oxygen. — Oxygen,  either  free  or  in  the  nascent 
state,  in  which  latter  condition  it  is  most  active,  may  act  on  organic 
compounds  in  four  different  ways  : — 

ct.  By  simple  addition,  as 

C2H.,0  +  0  =  C2H4O2 
Aldehyde.  Acetic  acid.  »  , 

/3.  By  simply  removing  hydrogen  : 

C2H0O  4-  0  =  H2O  +  CgH^O 

Alcohol.  Aldehyde. 

y.  By  removing  hydrogen  and  taking  its  place,  2  atoms  of 
hydrogen  being  replaced  by  one  of  oxygen  ;  e.g. : 


C2H0O  +  02  =  H,0  +  C^H.O^ 

Alcohol.  Acetic  acid. 
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d.  By  removing  both  carbon  and  hydrogen.  In  this  manner 
complex  organic  bodies  containing  large  numbers  of  carbon  and 
hydrogen  atoms  are  reduced  to  others  of  simpler  constitution,  and 
ultimately  the  carbon  and  hydrogen  are  wholly  converted  into 
carbon  dioxide  and  water.  Nitrogen,  chlorme,  bromine,  and 
iodine,  if  present,  are  at  the  same  time  disengaged,  for  the  most 
part  ill  the  fi-ee  state,  and  sulphur  is  oxidised. 

Moist  organic  substances,  especially  those  containing  nitrogen, 
undergo,  when  exposed  to  the  air,  a  slow  process  of  oxidation,  by 
which  the  organic  matter  is  gradually  burned  and  destioyed  without 
sensible  elevation  of  temperatiire  :  this  process  is  called  Decay,  or 
Sremaccmsis.  Closely  connected  with  this  change  are  those* 
called  Fermentation  and  Putrefaction,  consisting  in  a  new  arrange- 
ment of  the  elements  of  the  compound  (often  with  assimilation  of 
the  elements  of  water),  and  the  consequent  formation  of  new  pro- 
ducts. The  change  is  called  putrefaction,  when  it  is  accompanied 
by  an  offensive  odour ;  fermentation,  when  no  such  odour  is 
evolved,  and  especially  if  the  change  results  in  the  formation  of 
useful  products  ;  thus  the  decomposition  of  a  dead  body,  or  of  blood 
or  lu'ine,  is  putrefaction  ;  that  of  grape-juice  or  malt-wort,  which 
yields  alcohol,  is  fermentation.  Putrefaction  and  fermentation  are 
not  processes  of  oxidation;  nevertheless,  the  presence  of  oxygen 
appears  to  be  indispensable  to  their  commencement ;  but  the 
change,  when  once  begun,  proceeds  without  the  aid  of  any  other 
substance  external  to  the  decomposing  body,  unless  it  be  water  or 
its  elements.  Every  case  of  putrefaction  thus  begins  with  decay ; 
and  if  the  decay,  or  its  cause,  namely,  the  absorption  of  oxygen, 
be  prevented,  no  putrefaction  occurs.  The  most  putrescible  sub- 
stances, as  milk,  highly  azotised  vegetables,  and  animal  flesh 
intended  for  food,  may  be  preserved  indefinitely,  by  inclosure  in 
metallic  cases  from  which  the  air  has  been  completely  removed 
and  excluded. 

Fermentation  and  putrefaction  are  always  accompanied  by  the 
development  of  certain  living  organisms  of  the  fungous  class  ; 
but  whether  the  growth  of  these  is  a  cause  or  a  consequence  of  tie 
chemical  change  is  a  point  not  yet  decided.  "We  shall  return  to 
this  subject  in  speaking  of  the  fermentation  of  sugar. 

3.  Action  of  Chlorine,  Bromine,  and  Jorfwie.— Chlorine  and 
bromine  exert  precisely  similar  actions  on  organic  bodies ;  that  of 
chlorine  is  the  more  energetic  of  the  two.    The  reactions  consist : 

u.  In  simple  addition  of  chlorine  or  bromine  to  the  organic 
molecule ;  e.g.  : 

CiSfii  +  Br2  =  C^H^Br^O, 

Fumaiic  ;        Dibromosuccinic,  ■-. 

acid.  acid. 

/3.  In  removal  of  hydi-ogen  without  substitution  : 

CgHgO  +  CI2  =  2I1C1  +  C^H^O 
Alcoliol,  Aldehyde. 


OF  ORGANIC  COMPOUNDS. 


5 


7.  In  substitution  of  chlorine  or  bromine  for  hydrogen  : 
CaH^O,  +  CI2  =  HCl  +  C2H3CIO2 

Acetic  Chloracetic 
acid.  acid. 

C^H^Oa  +  301,  =  3HC1  +  C2HCI3O2 

Acetic  Tricliloracetic 
acid.  acid. 

The  substitution-products  thus  formed  imdergo  transformations 
closely  analogous  to  those  of  the  original  compounds,  iinder  the 
iniluence  of  similar  reagents ;  but  they  are  always  more  acid,  oi' 
less  basylous,  in  proportion  to  the  quantity  of  chlorine  or  bromine 
substituted  for  hydrogen.  Thixs  aniline,  CgHyN,  which  is  a 
strong  base,  may  be  converted,  by  processes  to  be  hereafter  de- 
scribed, into  the  chlorinated  compounds,  CqHqCIN,  CgHgClgN, 
and  CgH^ClgN,  the  first  and  second  of  which  are  less  basic  than 
aniline  itself,  while  the  third  does  not  show  any  tendency  to  form 
salts  with  acids. 

S.  fci  presence  of  water  they  remove  the  hydrogen  of  that  liquid, 
and  set  free  the  oxygen  :  hence,  chlorine-water  and  bromine-water 
act  as  powerful  oxidising  agents. 

Iodine  "may  also  act  in  this  manner  as  an  oxidising  agent  ;  and  it 
sometimes  attaches  itself  directly  to  organic  molecules  ;  but  it 
never  acts  directly  by  substitution.  Iodine  substitution-j)roducts 
may,  however,  be  obtained  in  some  cases  by  treating  organic  bodies 
with  chloride  of  iodine,  the  chlorine  then  removing  hydrogen,  and 
the  iodine  taking  its  place. 

4.  Action  of  Nitric  Acid. — This  acid  acts  very  powerfiilly  on 
organic  substances.    The  action  may  be  of  three  kinds  : 

St.  Direct  combination,  as  with  organic  bases  ;  e.g.  : 

C2H^N  -f-  NO3H  =  CgH^N.NOjH 

Ethylamine.        Nitric  Etliylamine 
acid.  nitrate. 

/3.  Oxidation.  This  mode  of  action  is  most  frequently  observed 
with  the  somewhat  diluted  acid. 

7.  Substitution  of  nitryl  (NOj)  for  hydrogen  ;  e.g.  : 

CeHe  +  N02(0H)  =  H^O  +  C„H,(N02; 

Benzene.       Nitric  acid.  Nitrobenzene. 

CoHioOs  +  3N02(OH)  =  3H2O  +  C«H,(N02)305 

Cellulose.  [Nitric  acid.  Trinitrocellulose 

(gun-cotton). 

This  action  takes  place  most  readily  with  the  strongest  nitric 
.acid  (pure  hydi-ogcn  nitrate).  The  products  (called  nitro-com- 
pouuds)  are  always  easily  combustible,  and  in  many  cases  highly 
explosive. 

5.  Action  of  Alkalis. — The  hydroxides  of  potassium  and  sodium 
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act  on  organic  bodies  in  a  great  variety  of  ways,  the  most  important 
and  general  of  which  are  the  following  : — 

06.  By  direct  combination  : — 

CO    +    HKO    =  CHKO2 

Carbon        Potassium  Potassium 
monoxide.      hydroxide.  formate. 

CioHigO    +    HKO    =  CioHi.KOa 

Caraplior.  Potassium  Potassium 

hydroxide.  campholate. 

/3.  By  double  decomposition  with  acids,  water  being  eliminated, 
and  a  salt  produced  : 

C2H4O2  +  HKO  =  HgO  +  C2H3KO2 

Acetic  acid.  Potassium 

acetate. 

7.  Oxidation,  with  elimination  of  hydrogen  : 

CaHgO  +  HKO  =  C2H3KO2  +  2H2 

Alcohol.  Potassium 
acetate. 

5.  From  chlorinated  compounds  they  remove  a  part  or  the  whole 
of  the  chlorine  : 

C2H4CI2  +  HKO  =  C2H3CI  +  KCl  +  H2O 

Ethene  Chlor- 
chloride  ethene 

C5H11CI  +  HKO  =  C5H10  +  KCl  +  H2O 

Amyl  Amylene 
chloride. 

e.  Amides  (i.  361  ;  ii.  26)  are  decomposed  by  them  in  such  a 
manner  that  the  whole  of  the  nitrogen  is  given  off  as  ammonia, 
and  a  potassium  or  sodium  salt  of  the  corres^Jonding  acid  is  pro- 
duced : 

NH2.C2H3O  +  HKO  =  NH3  +  C2H3O.OK 
Acetamide.  Potassium 

acetate. 

Many  other  azotised  organic  compounds,  when  heated  with 
alkaline  hydroxides,  likewise  give  up  the  whole  of  their  hydi'ogen  in 
the  form  of  ammonia. 

6.  Action  of  Reducing  Agents. — This  name  is  given  to  bodies 
whose  action  is  the  inverse  of  that  of  oxygen,  chlorine,  bromme, 
and  iodine  ;  such  are  nascent  hydrogen,  obtained  by  the  action  of 
sodium-amalgam  on  water,  or  by  that  of  zinc  on  aqueous  acids  or 
alkalis  ;  also  hydrogen  sulphide,  ammonium  sulphide,  sulphurous 
acid,  and  metals,  especially  potassium  and  sodium, — all  of  which 
either  give  up  hydrogen,  or  abstract  oxygen,  chlorine,  &c. 
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Reducing  agents  may  act  in  the  following  ways  : — 
a,.  By  adtling  liydi'ogen  to  an  organic  body  : 

CaH^O  +  HH  =  CjHeO 
Ethene  Alcohol. 
oxiUe. 

/3.  By  removing  oxygen,  cUorine,  bromine,  or  iodine,  "witlioub 
introducing  any  thing  in  its  place  ;  thus  : 

CyHgOa  +  HH  =  HgO  +  C^HgO 

Benzoic  Benzoic 
acid.  aldehyde. 

y.  By  substituting  hydrogen  for  oxygen,  chlorine,  &c.  This 
process  is  called  inverse  substitution.  It  may  take  place  either  in 
equivalent  quantities  ;  e.g. : 

C7H5O.OH  +  2HH  =  H2O  +  C7H7.OH; 

Benzoic  Benzylic 
acid.  alcohol. 

or  it  may  happen  that  the  quantity  of  hydrogen  introduced  is  only 
haK  that  which  is  equivalent  to  the  oxygen  removed.  This  mode 
of  substitution  takes  place  with  nitro-compounds,  which  are  thereby 
reduced  to  others  containing  amidogen  (NH,)  in  place  of  nitryl 
(NO2) ;  thus  : 

CeH,(N02)  +  3H2  =  2H2O  +  CeH.CNH^)' 

Nitrobenzene.  Amidobenzene 

(aniline). 

A  large  number  of  organic  bases  are  formed  in  this  manner  from 
nitro-compounds. 

7.  Action  of  Dehydrating  Agents. — Strong  sulphuric  acid,  sul- 
phuric oxide,  phosphoric  oxide,  and  zinc  chloride,  remove  oxygen 
and  hydrogen  from  organic  bodies  in  the  form  of  water,  the 
elements  of  which  are  derived,  sometimes  from  a  single  molecule 
of  the  organic  body,  sometimes  from  two  molecules :. 


C.HeO  -  HoO  =  C2H4 
Alcohol.  Ethene.. 

SCjHgO  -  H2O  C4H10O 

Alcohol.  Ether. 


Compounds  which,  like  sugar,  starch,  and  woody  fibre,  consist 
of  carbon  imited  with  hydrogen  and  oxygen  in  the  proportions  to 
form  water,  are  often  reduced  by  these  dehydrating  agents  to 
black  substances  consisting  mainly  of  carbon. 

Other  reactions  of  less  generality  than  those  above  described  will 
be  sufficiently  illustrated  by  special  cases  in  the  sequel. 
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THE  ELEMENTARY  OR  ULTIMATE  ANALYSIS  OF  OEGANIC 
COMPOUNDS. 

Organic  compounds  contain,  for  the  most  part,  only  a  small 
nmnber  of  elements.  Many  consist  only  of  carbon  and  hydrogen. 
A  very  large  number,  includiag  most  of  those  which  occur  ready- 
formed  ia  the  bodies  of  plants  and  animals,  consist  of  carbon, 
hydrogen,  and  oxygen  ;  others  consist  of  carbon,  hydrogen,  and 
nitrogen.  Others,  again,  includiag  most  of  the  proximate  prin- 
ciples of  the  animal  organism,  consist  of  four  elements,  carbon, 
hydrogen,  oxygen,  and  nitrogen.  Some  contain  sulphur,  phos- 
phorus, chlorine,  and  metallic  elements  ;  in  fact,  artificially  pre- 
pared carbon  compoimds  may  contain  any  elements  whatever. 
Moreover,  even  those  which  contain  only  a  small  number  of  ele- 
ments often  exhibit  great  complexity  of  structure,  in  consequence 
of  the  accumulation  of  a  large  number  of  carbon-atoms  in  the 
same  molecule. 

Determination  of  Carbon  and  Hydrogen. — The  quantities  of  these 
elements  are  determined  by  heating  a  known  weight  of  the  body 
to  be  analysed  in  contact  with  some  easily  reducible  metallic  oxide, 
black  oxide  of  copper  being  the  substance  generally  used.  The 
organic  body  then  undergoes  complete  combustion  at  the  expense 
of  the  oxygen  of  the  copper  oxide,  the  carbon  being  converted 
into  carbon  dioxide,  and  the  hydrogen  into  water.  These  products 
are  collected  and  their  weights  determined,  and  from  the  data  thus 
obtained  the  quantities  of  carbon  and  hydrogen  present  in  the 
organic  substance  are  calculated  When  nothing  but  carbon 
and  hydrogen,  or  those  bodies  together  with  oxygen,  is  present, 
one  experiment  suffices  ;  the  carbon  and  hydrogen  are  determined 
directly,  and  the  oxygen  by  diflFerence. 

The  substance  to  be  analysed,  if  solid,  must  be  carefully  fi-eed 
from  moistm-e.  If  it  will  bear  the  application  of  a  moderate  heat, 
this  desiccation  is  very  easily  accomj)lished  by  a  water  or  steam  bath  : 
in  other  cases,  expo.siu-e  at  common  temperatures  to  the  absorbent 
powers  of  a  large  surface  of  oil  of  vitriol  in  the  vacuum  of  an  air- 
pump  must  be  substituted. 

The  copper  oxide  is  best  made  from  the  nitrate  by  complete 
ignition  in  an  earthen  crucible;  it  is  reduced  to  powder  and  re- 
heated just  before  use,  to  expel  hygroscopic  moisture,  M^hich  it 
absorbs  with  avidity,  even  wMle  warm.  The  combustion  is  per- 
formed in  a  tube  of  hard  white  Bohemian  glass,  haraag  a  diameter 
of  0-4  or  0-5  inch,  and  varying  in  length  fi-om  14  to  18  inches  : 
this  kind  of  glass  bears  a  moderate  red  heat  without  becoming  soft 
enough  to  lose  its  shape.  One  end  of  the  tube  is  di-a-Nra  out  to  a 
point,  as  shown  in  fig.  1,  and  closed ;  the  other  is  simply  heated 
to  fuse  and  soften  the  sharp  edges  of  the  glass.  To  prevent  absorp- 
tion of  moistiu-e  by  the  copper  oxide  dmiug  the  filling  of  the  tube, 
the  oxide,  while  still  hot,  is  poured  into  a  long-necked  flask  closed 
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by  a  cork ;  it  is  then  left  to  cool,  and  afterwards  mixed  with  the 
organic  substance  in  the  combustion  tube  itseK.  A  small  quantity 
of  the  cooled  oxide  is  first  iutroduced  into  the  tube,  then  a  portion 


Copper  oxide.  Mixture.  Copper  oxide. 


of  the  organic  substance  is  added,  and  upon  this  a  column  of  oxide 
about  3  inches  long  is  poured  in  the  same  manner  as  before. 
This  portion  of  oxide  is  mixed  with  the  organic  substance  by  stir- 
ring it  with  a  clean  iron  rod,  the  extremity  of  which  is  bent  into 
two  turns  of  a  screw  ;  and  when  it  is  thoroughly  incorporated,  the 
rest  of  the  substance  is  introduced,  then  another  column  of  oxide  of 
the  same  length  as  before,  and  the  stirring  is  repeated.  Lastly,  the 
rest  of  the  tube  is  fiUed  with  pure  oxide. 

The  tube  is  then  ready  to  be  placed  in  the  furnace  or  chauffer  : 
this,  when  charcoal  is  the  fuel  employed,  is  constructed  of  thin 
sheet-iron,  and  is  furnished  with  a  series  of  supports  of  equal 
height,  which  serve  to  prevent  flexure  of  the  combustion-tube 


Fig-  2. 


when  softened  by  heat.  The  chaufi'er  is  placed  npon  fliat  bricks 
or  a  piece  of  stone,  so  that  but  little  air  can  enter  the  grating, 
imless  the  whole  be  purposely  raised.  A  slight  inclination  is  also 
given  towards  the  extremity  occupied  by  the  mouth  of  the 
combuf!tion-tube,  which  passes  through  a  hole  provided  for  that 
purpose. 

To  collect  the  water  produced  in  the  experiment,  a  small  Kght 
tube  of  the  form  represented  in  fig.  3,  or  a  U-tube,  as  in  fig.  6, 
filled  with  fragments  of  spongy  calcium  chloride,  is  attached  by  a 
perforated  cork,  thoroughly  dried,  to  the  open  extremity  of  the 
combustion-tube.  The  carbon  dioxide  is  absorbed  by  a  soliition 
of  caustic  potash,  of  specific  gravity  1'27,  which  is  contained  in  a 
small  glass  apparatus  on  the  principle  of  a  Woulfe's  bottle,  shown 
in  fig.  4.  The  connection  between  the  latter  and  the  calcium- 
chloride  tube  is  completed  by  a  little  tube  of  caoutchouc,  secured 
with  silk  cord.  The  whole  is  shown  in  fig.  5,  as  arranged  for 
use. 

The  tightness  of  the  junctions  may  be  ascertained  by  slightly 
rarefying  the  included  air  by  sucking  a  few  bubbles  from  the  inte- 
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rior  througli  the  liquid,  using  the  dry  lips,  or,  better,  a  little  bent 
tube  with  a  perforated  cork  ;  if  the  difference  of  level  in  the  liquid 
in  the  two  limbs  of  the  potash-apparatus  be  preserved  for  several 


Fig.  4. 


minutes,  the  joiats  are  perfect.  Red-hot  charcoal  is  now  j)laced 
aroimd  the  anterior  portion  of  the  combustion-tube,  containing  the 
pure  oxide  of  copper  ;  and  when  this  is  red-hot,  the  fire  is  slowly- 
extended  towards  the  farther  extremity  by  shifting  the  movable 

Fig.  5. 


Drawing  of  the  whole  an-angement. 


screen  represented  in  the  drawing.  The  experiment  must  be  so 
conducted,  that  a  uniform  stream  of  carbon  dioxide  shall  enter 
the  potash-apparatus  by  bubbles  which  may  be  easily  counted  ; 
when  no  nitrogen  is  present,  these  bubbles  are,  towards  the 
termination  of  the  experiment,  almost  completely  absorbed  by 
the  alkaline  liquid,  the  little  residue  of  air  alone  escaping.  In  the 
case  of  an  azotised  body,  on  the  contrary,  bubbles  of  nitrogen  gas 
pass  through  the  potash-solution  during  the  whole  process. 

When  the  tube  has  been  completely  heated  from  end  to  end,  and 
no  more  gas  is  disengaged,  but,  on  the  other  hand,  absorption  begins  to 
be  evident,  the  coals  are  removed  from  the  farthest  extreuiity  of 
the  combustion-tube,  and  the  point  of  the  latter  broken  off.  A 
little  air  is  drawn  through  the  whole  apparatus,  by  which  the 
remaining  carbon  dioxide  and  watery  vapour  are  secured.  The 
parts  are,  lastly,  detached,  and  the  calcium-chloride  tube  and 
potash-apparatus  re-weighed. 

The  mode  of  heating  the  combustion-tube  with  red-hot  charcoal  is 
the  original  process,  and  is  still  employed  where  gas  is  not  available. 
But  since  the  use  of  coal  gas  has  been  universally  adopted  in' 
laboratories,  many  contrivances  have  been  suggested,  by  means  of 
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which  this  convenient  fnel  may  be  employed  also  in  organic 
analysis.  An  apparatus  of  this  kind*  is  the  one  represented 
in  ti".  6,  in  which  the  combustion-tube  is  heated  by  a  series  of 
perforated  clay-burners.  These  clay-biu-ners  are  iixed  on  pipes 
provided  with  stopcocks,  so  that  the  gas  may  be  lighted  according 


Fig.  6. 


to  the  rec[uirements  of  the  case.  The  stopcocks  being  appropri- 
ately adjusted,  the  gas  burns  on  the  surface  of  the  burners  with  a 
smokeless  blue  flame,  which  renders  them  in  a  short  time  incan- 
descent.   The  construction  of  this  furnace  is  readily  intelligible  by 

Fig.  7.  _  Fig.  8. 


a  glance  at  figures  7  and  8,  which  exhibit  the  different  parts  of  the 
apparatus  in  section,  fig.  7  representing  a  large  furnace  with  five 
rows,  and  fig.  8  a  smaller  furnace  with  three  rows  of  clay- burners. 

Gas-furnaces  of  simpler  construction,  in  which  the  combustion- 
tube  is  heated  by  a  row  of  Bunsen  burners,  are  also  much  used. 
Such  a  furnace  is  that  of  von  Babo,  represented  in  fig.  10. 

*  Hofmann,  Journal  of  Chemical  Society,  vol.  xi.  p.  30. 
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The  following  account  of  a  real  experiment  will  serve  to  illus- 
trate the  calculation  of  the  result  obtained  in  the  combustion  of 
crystallised  sugar  : 

Quantity  of  sugar  employed        .       .       .       4"750  grains. 
Potash-apparatus  weighed  after  experiment  781-13 
„  „        before  experiment  773'82 

Carbon  dioxide       .       .       .  7-31 

Calcium-chloride  tube  after  experiment      .  5226-05 

„                 before  experiment     .  223-30 

"Water   2-75 

7-31  gr.  carbon  dioxide=  1-994  gr.  carbon  :  and  2-75  gr.  water  = 
0-3056  gr.  hydi'ogen  ;  or  in  100  parts  of  sugar,* 

Carbon  41-98 

Hydrogen  6-43 

Oxygen,  by  difference  51*59 

100-00 

When  the  organic  substance  cannot  be  mixed  with  the  copper 
oxide  iu  the  manner  described,  the  process  must  be  modified. 
If,  for  example,  a  volatile  liquid  is  to  be  examined,  it  is  inclosed  in  a 
little  glass  bulb  A\-ith  a  narrow  stem,  which  is  weighed  before  and  after 
the  introduction  of  the  liquid,  the  point  being  hermeticaEy  sealed. 
A  little  copper  oxide  is  put  into  the  coml)ustion  tube,  then  the 
bulb,  Avith  its  stem  broken  at  a,  a  file-scratch  having  been 
previously  made  ;  and,  lastly,  the  tube  is 
filled  with  the  cold  and  dry  copper  oxide. 
It  is  arranged  in  the  furnace,  the  calcium- 
chloride  tube  and  potash  apparatus  adjusted, 
and  then,  some  6  or  8  inches  of  oxide 
haAong  been  heated  to  redness,  the  liquid 
in  the  bulb  is,  by  the  approximation  of  a 
hot  coal,  expelled,  and  slowly  converted  into 
vapour,  which,  in  passing  over  the  hot  oxide, 
is  completely  bm-ned.  The  experiment  is 
then  terminated  in  the  usual  manner.  Fatty 
and  waxy  substances,  and  volatile  solid  bodies, 
as  camphor,  are  placed  in  little  boats  of  glass  or  platinum. 

Copper  oxide  which  has  been  used,  may  be  easily  restored  by 
moistening  vrith  nitric  acid,  and  igniting  to  redness ;  it  becomes, 
in  fact,  rather  improved  than  otherwise,  as,  after  frequent  employ- 

*  The  theoretical  composition  of  sugar,  CjaHooOu,  reckoned  to  100  parts, 
gives — 

Carbon  42-11 

■  Hydrogen  Q-i3  ' 

Oxygen  51-46 


100-00 
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inent,  its  density  is  increased,  and  its  troublesome  hygroscopic 
powers  diminished.  For  substances  which  are  very  difficiilt  of 
combustion,  from  the  large  proportion  of  cai'bon  they  contain,  and 
for  compoimds  into  which  chlorine  enters  as  a  constitutent,  fused 
and  powdered  lead  chromate  may  be  substituted  for  the  copper 
oxide,  as  it  freely  gives  up  oxygen  to  combustible  matters,  and  even 
evolves,  when  strongly  heated,  a  little  of  that  gas,  which  thus 
ensiu-es  the  perfect  combustion  of  the  organic  body. 

Lead  chromate  is,  however,  troublesome  to  prepare,  and  always 
destroys  the  glass  tubes.  A  more  convenient  methocl  of  insuring 
the  complete  combustion  of  substances  which  burn  with  dil- 
ficulty  is  to  finish  the  combustion  in  a  stream  of  oxygen.  This  may 
be  effected  either  by  placing  a  small  quantity  of  fused  potassium 
chlorate  at  the  closed  end  of  the  combustion-tube,  or  by  connecting 
the  tube  with  a  gas-holder  containing  oxygen  gas.  The  latter 
method  is  to  be  preferred,  as  it  enables  the  operator  to  regulate  the 
stream  of  gas  at  his  pleasure,  whereas  the  ignition  of  potassium 
chlorate  is  apt  to  give  rise  to  a  rapid  evolution  of  gas,  which  may 
force  a  portion  of  liquid  out  of  the  potash-bulbs  and  render  the 
analysis  worthless. 

A  form  of  apparatus  for  supplying  a  stream  of  oxygen  is  repre- 
sented in  figirre  10.  The  combustion-tube  is  open  at  both  ends,  and 
the  end  a,  farthest  from  the  potash-bulbs  and  calcium-chloride  tube, 


Fig.  10. 


IS  connected  with  two  gas-holders,  one  filled  with  air,  the  other 
with  oxygen-gas.  The  communication  is  made  by  means  of  a 
T-tube  provided  with  a  stop-cock,  so  that  either  gas-holder  may  be 
connected  with  the  combustion-tube  and  the  other  shut  off  at  the 
same  time.  The  air  and  oxygen,  before  entering  the  combustion-tube, 
are  made  to  pass  through  two  U-tubes,  one  containing  lumps  of 
pumice  soaked  in  sulphuric  acid  to  dry  the  gas,  the  other  containing 

mP"^  of  caustic  potash  to  free  it  from  carbonic  acid. 

The  combustion-tube  may  be  heated  either  with  gas  or  with 
charcoal  (the  figure  represents  a  Babo's  gas-apparatus),  and  the 
mixture  may  be  disposed  in  the  tube  in  the  way  above  described— 
or  better,  in  the  case  of  difficidtly  combustible  bodies— the  substance 
may  he  placed  by  itself  in  a  small  boat  of  platinum  or  porcelain, 
in  this  case,  the  combustion-tube  ia  first  filled  to  two-thii'ds  of  its 


u 


THE  ELEMENTARY  OR  ULTIMATE 


length  \vitli  coiDper  oxide,  wHcli  need  n'ot  be  previously  ignited, 
the  remaining  thiixl,  nearest  to  the  gas-holder,  being  left  free  to 
receive  the  boat.  It  is  then  laid  in  the  furnace,  and  connected  in 
the  manner  just  described  with  the  gas-holder  containing  atmo- 
spheric air  ;  the  cojjper  oxide  is  heated  to  redness  ;  and  a  stream  of 
dry  air  is  passed  thi'ough  the  tube  so  as  to  remove  every  trace  of 
moisture.  The  tube  is  then  left  to  cool ;  the  boat  containing  the 
substance  is  introduced,  a  plug  of  recently  ignited  asbestos  having 
been  previously  introduced  to  prevent  the  copper  oxide  from  com- 
ing in  contact  with  it ;  the  calcium-chloride  tube  and  potash -bulbs 
are  attached  in  the  usual  mamier  ;  and  the  tube  is  connected  vdth 
the  gas-holder  containing  oxygen.  The  copper  oxide  is  now  once 
more  heated  to  redness,  and  as  soon  as  it  is  thoroughly  ignited,  heat 
is  very  cautiously  applied  to  the  part  of  the  tube  containing  the 
boat,  a  slow  stream  of  oxygen  being  passed  thi-ough  the  apparatus, 
suificient  to  prevent  any  backward  passage  of  the  gases,  but  not  to 
cause  any  free  oxygen  to  pass  through  the  solution  of  potash.  If 
the  oxide  of  copper  exhibits  a  red  colour,  indicating  reduction,  the 
heating  of  the  substance  in  the  boat  must  be  discontinued  till  the 
copper  is  reoxidised.  When  at  length  there  is  nothing  left  of  the 
organic  substance  but  black  charcoal,  the  heat  may  be  increased  and 
the  stream  of  oxygen  accelerated.  In  this  manner  the  combustion 
is  soon  completed,  and  when  the  bubbles  of  gas  appear  to  pass  through 
the  potash  without  absorption,  the  process  is  continued  in  the  same 
manner  for  a  few  minutes  longer,  and  the  potash  bulbs  and  calcium- 
chloride  tube  are  then  detached,  after  air  has  been  passed  through 
the  apparatus  for  a  little  time  to  displace  the  oxygen.  Lastly,  the 
stream  of  aii'  is  continued  for  a  suificient  time  to  effect  the  complete 
reoxidation  of  the  copper,  which  is  then  ready,  -udthout  further 
preparation,  for  another  experiment. 

After  the  tube  has  cooled,  the  boat  is  taken  out  and  re- weighed. 
If  any  inorganic  matter  remains  in  it  (as  in  the  case  of  a  salt)  the 
quantity  of  tliis  is  at  once  ascertained,  if  the  weight  of  the  boat  itself 
is  previously  known. 

As  the  stream  of  hot  gas  is  likely  to  carry  vapour  of  water  with  it 
in  passing  through  the  potash-bulbs,  whence  loss  of  weight  M"ould 
ensue,  a  second  calcium-chloride  tube  is  attached  to  the  potash-bidbs, 
as  shown  in  the  figure,  to  arrest  any  water- vapour  thus  carried  over. 
This  tube  is  weighed,  together  with  the  potash-biiLbs,  before  and 
after  the  experiment. 

The  method  just  described  is  capable  of  giving  very  exact  results ; 
it  insures  the  complete  combustion  of  the  carbon,  and  obviates  all 
danger  of  an  excess  of  hydi'ogen  arising  fi'om  moistui'e  in  the  copper 
oxide.  It  likewise  saves  the  trouble  of  igniting  this  oxide  before 
the  experiment  and  afterwards  treating  it  with  nitric  acid.  But  to 
insure  a  good  result,  especial  care  must  be  taken  not  to  heat  the 
substance  in  the  boat  too  suddenly  ;  otherwise  combustible  "ases 
will  be  given  off  faster  than  they  can  be  bm-nt,  and  the  analysis 
will  be  worthless. 
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Analysis  of  Azotised  Substances. — The  presence  of  nitrogen  in  an 
ori;ixnic  conipoiind  is  easily  ascertained  by  heating  a  small  portion 
with  solid  potassinm-hydrate  in  a  test-tnbe  :  the  nitrogen,  if 
pi-esent,  is  converted  into  ammonia,  which  may  be  recognised  by  its 
odoiu-  and  alkaline  reaction. 

In  determining  the  carbon  and  hydrogen  in  such  bodies,  by  com- 
bustion ^\■ith  copper  oxide,  as  above  described,  a  longer  tube  than 
usual  must  be  employed,  and  4  or  5  inches  of  its  anterior  portion 
iilled  with  copper-turnings  rendered  perfectly  metallic  by  ignition 
in  hydi'ogen.  This  serves  to  decompose  any  nitrogen  oxides  formed 
in  the  process  of  combustion,  which,  if  suffered  to  pass  off  undecom- 
posed,  would  be  absorbed  by  the  potash  and  vitiate  the  determination 
of  the  carbon. 

The  nitrogen  may  be  estimated  either  by  converting  it  into  ammo- 
nia, by  igniting  the  substance  with  an  alkaline  hydrate,  as  above  men- 
tioned, or  by  evolving  it  in  the  fi'ee  state  and  measuring  its  volume. 

1.  By  conversion  into  Ammonia  :  Will  and  Varrentrapp's  method. 
— An  intimate  mixtm-e  is  made  of  1  part  caustic  soda  and  2  or  3 
parts  c|iiicklime,  by  slaking  lime  of  good  quality  with  the  jDroper 
proportion  of  strong  caustic  soda,  drying  the  mixture  in  an  iron 
vessel,  and  then  heating  it  to  redness  in  an  earthen  crucible.  The 
ignited  mass  is  rubbed  to  powder  in  a  warm  mortar,  and  carefully 
preserved  from  the  air.  The  lime  is  useful  in  many  ways  :  it 
diminishes  the  tendency  of  the  alkali  to  deliquesce,  facilitates  mixture 
with  the  organic  substance,  and  prevents  fusion  and  liquefaction.  A 
proper  quantity  of  the  substance  to  be  analysed,  namely,  from  5  to 
10  grains,  is  dried  and  acciu'ately  weighed  out  :  this  is  mixed  in  a 
warm  porcelain  mortar  with  enough  of  the  soda-lime  to  fill  two- 
thirds  of  an  ordinary  combustion-tube,  the  mortar  being  rinsed  with 
a  little  more  of  the  alkaline  mixtm^e,  and,  lastly,  with  a  small 
quantity  of  powdered  glass,  which  completely  removes  everything 
adherent  to  its  surface  ;  the  tube  is  then  filled  to  within  an  inch  of 
the  open  end  with  the  lime-mixture,  and  arranged  ia  the  chaufler  in 
the  usual  manner.  The  ammonia  is  collected  in  a  little  apparatus 
of  three  bulbs  (fig.  11),  containing  moderately  strong  hydi'ochloric 


acid,  attached  by  a  cork  to  the  combustion-tube.  Matters  being 
thus  adjusted,  fire  is  applied  to  the  tube,  commencing  with 
the  interior  extremity.  When  it  is  ignited  throughout  its  whole 
length,  and  when  no  gas  issues  from  the  apparatus,  the  point  of  the 
tube  is  l^roken,  and  a  little  air  drawn  through  the  whole.  The  acid 
liquid  is  then  emptied  into  a  capsule,  the  Inilbs  rinsed  into  the  same. 


16 


THE  ELEMENTARr  OR  ULTIMATE 


first  with  a  little  alcohol,  and  then  repeatedly  with  distilled  water  ; 
an  excess  of  pure  platmic  chloride  is  added  ;  and  the  whole  evapor- 
ated to  dryness  in  a  water-bath.  The  dry  mass,  when  cold,  is  ti'eated 
with  a  mixture  of  alcohol  and  ether,  which  dissolves  out  the  super- 
fluous platinum  chloride,  but  leaves  untouched  the  yellow  crystalline 
ammonium  platinochloride.  The  latter  is  collected  upon  a  small 
weighed  filter,  washed  with  the  same  mixtiu'e  of  alcohol  and  ether, 
dried  at  100°,  and  weighed  ;  100  parts  correspond  to  6-272  parts  of 
nitrogen.  Or,  the  salt  with  its  filter  may  be  very  carefully  ignited, 
the  filter  burned  in  a  platinum  crucible,  and  the  nitrogen  reckoned 
from  the  weight  of  the  spongy  metal,  100  parts  of  that  substance 
beiag  equivalent  to  14'18  pai'ts  of  nitrogen.  The  former  plan  is  to 
be  preferred  in  most  cases. 

Bodies  very  rich  in  nitrogen,  as  urea,  must  be  mixed  with  about 
an  equal  quantity  of  pure  sugar,  to  furnish  uncondensable  gas,  and 
thus  diminish  the  violence  of  the  absorption  which  otherwise  occurs  ; 
and  the  same  precaution  must  be  taken,  for  a  different  reason,  with 
those  which  contaia  little  or  no  hydrogen. 

A  modification  of  this  process  has  been  suggested  by  Peligot,  which 
is  very  convenient  if  a  large  number  of  nitrogen-determinations  is 
to  be  made.  By  this  plan,  the  ammonia,  instead  of  being  received 
in  hydrochloric  acid,  is  conducted  into  a  known  volimie  to  1  cubic 
inch)  of  a  standard  solution  of  sulphuric  acid  contaiiied  in  the 
ordinary  nitrogen-bulbs.  After  the  combustion  is  finished,  the  acid 
containing  the  ammonia  is  pom-ed  out  into  a  beaker,  coloured  with 
a  drop  of  tincture  of  litmus,  and  then  neutralised  with  a  standard 
solution  of  soda  in  water,  or  of  lime  in  sugar-water,  the  point  of 
neutralisation  becoming  perceptible  by  the  sudden  apj^earance  of  a 
blue  tint.  The  lime-solution  is  conveniently  poured  out  from  an 
alkalimeter.  The  volume  of  lime-solution  necessary  to  neutralise 
the  same  amoimt  of  acid  that  is  used  for  condensing  the  ammonia, 
having  been  ascertained  by  a  preliminary  experiment,  it  is  e^ddent 
that  the  difference  of  the  quantities  used  in  the  two  experiments 
gives  the  ammonia  collected  in  the  acid  during  the  combustion.  The 
amoimt  of  nitrogen  may  thus  be  calculated.  If,  for  instance,  an 
acid  be  prepared,  containhig  20  grains  of  pru-e  hydi-ogen  sulphate 
(H2SO4)  in  1000  grain-measures,  then  200  grain-measm-es  of  this 
acid — the  quantity  introduced  into  the  bulbs — will  correspond  mth 
1-38  grains  of  ammonia,  or  1*14  gi-ains  of  nitrogen.  The  alkaline 
solution  is  so  gi-aduated  that  1000  graiii-measiu'es  will  exactly 
neutralise  the  200  grain-measm-es  of  the  standard  acid.  If  we  now 
find  that  the  acid,  partly  saturated  with  the  ammonia  disengaged 
during  the  combustion  of  a  nitrogenous  substance,  requii-es  only  700 

grain-measures  of  the  alkaline  solution,  it  is  evident  that  ^^^qqq^*^ 

=  60  grain-measures  were  saturated  by  the  ammonia,  and  the 
quantity  of  nitrogen  is  obtained  by  the  proportion — 200  :  l-l'l  = 
1-14x60 

60  :  X,  wherefore  x  =  — —  =  0-342  grain  of  nitrogen. 
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S.f  By  measurement  as  free  Nitrogen. — When  the  nitrogen  exists  in 
the  organic  substance  in  the  form  of  an  oxide,  as  in  nitrobenzene, 
(CgH5(N03),  ethyl  nitrite,  C2H5(NO)0,  &c.,  the  preceding  method 
cannot  be  employed,  because  these  nitrogen  oxides  are  not  completely 
converted  into  ammonia  by  heating  with  alkaline  hydrates  :  it  fails 
also  in  the  case  of  certain  organic  bases.  In  such  cases  the  nitrogen 
must  be  evolved  in  the  free  state  by  heating  the  organic  body  with 
copper  oxide  ;  and  its  volume  determined  by  collecting  it  over 
mercury  in  a  graduated  jar.  There  are  several  wavs  of  effecting 
this  :  the  one  most  frequently  employed  is  that  of  Dumas,  as 
simplified  by  Melsens. 

A  tube  of  Bohemian  glass,  28  inches  long,  is  securely  sealed  at 
one  end  ;  into  this  enough  dry  acid  sodium  carbonate  is  piit  to 
occupy  6  inches.  A  little  pure  copper  oxide  is  next  introduced,  and 
afterwards  the  mixture  of  oxide  and  organic  substance,  the  weight  of 
the  latter,  between  4"5  and  9  grains,  in  a  dry  state,  having  been 
correctly  determined.    The  remainder  of  the  tube,  amounting  to 


nearly  one-half  of  its  length,  is  then  filled  up  with  pure  copper 
oxide  and  spongy  metal,  and  a  round  cork,  perforated  by  a  piece  of 
narrow  tube,  is  securely  adapted  to  its  mouth.  This  tube  is  con- 
nected by  means  of  a  caoutchouc  joint  with  a  bent  delivery-tube,  a, 
and  the  combustion-tube  is  arranged  in  the  furnace.  Heat  is  now 
applied  to  the  farther  end  of  the  tube,  so  as  to  decompose  a  portion 
of  the  acid  sodium  carbonate,  tbeTremainder  of  the  carbonate,  as  well 
as  of  the  other  part  of  the  tube,  being  protected  from  the  heat  by  a 
screen,  n.  The  current  of  carbon  dioxide  thus  produced  is  intended 
to  expel  all  the  air  from  the  apparatus.  In  order  to  ascertain  that 
this  object,  on  which  the  success  of  the  whole  operation  depends,^  is 
accomplished,  the  delivery-tube  is  depressed  under  the  level  of  a 
mercurial  trough,  and  the  gas,  which  is  evolved,  collected  in  a  test- 
tube  filled  with  concentrated  potash-solution.  If  the  gas  be  perfectly 
absorbed,  or,  if  after  the  introduction  of  a  considerable  quantity, 
only  a  minute  bubble  be  left,  the  air  may  be  considered  as  expelled. 
The  next  step  is  to  fill  a  graduated  glass  jar  two-thirds  with  mercury 
.and  one-third  with  a  strong  solution  of  potash,  and  to  invert  it  over 
the  delivery-tube,  aa  represented  in  fig.  12. 
This  done,  heat  is  applied  to  the  tube,  commencing  at  the  front 
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end,  and  gradually  proceeding  to  tlie  closed  extremity,  which  still 
contains  some  undecomposed  acid  sodium  carbonate.  This,  when 
the  heat  at  length  reaches  it,  yields  up  carbon  dioxide,  which  chases 
forward  the  nitrogen  lingering  in  the  tube.  The  carbon  dioxide 
generated  during  the  combustion  is  wholly  absorbed  by  the  potash 
in  the  jar,  and  nothing  is  left  but  the  nitrogen.  When  the  operation 
is  at  an  end,  the  jar,  with  its  contents,  is  transferred  to  a  vessel  of 
water,  and  the  volume  of  the  nitrogen  read  off.  This  is  properly 
corrected  for  temperature,  pressure,  and  aqueous  vapour,  and  its 
weight  determined  by  calculation.  When  the  operation  has  been 
very  successful,  and  all  precautions  minutely  observed,  the  result 
still  leaves  an  error  in  excess,  amounting  to  0"3  or  0*5  per  cent.,  due 
to  the  residual  air  of  the  apparatus,  or  that  condensed  in  the  pores 
of  the  copper  oxide. 

A  modification  of  the  process,  by  which  this  error  is  considerably 
diminished,  has  been  devised  by  Dr.  Maxwell  Simpson.* 

The  method  just  described  is  applicable  to  the  estimation  of 
nitrogen  in  the  oxides  and  oxygen-acids  of  nib'ogen,  in  metallic 
nitrates  and  nitrites,  and,  in  fact,  to  the  analysis  of  all  nitrogenous 
bodies  whatever) 

Analysis  of  Ohlorinated  Compounds. — In  the  case  of  a  volatile 
liquid  containing  chlorine,  the  combustion  with  copper  oxide  must 
be  very  carefully  conducted,  and  2  or  3  inches  of  the  anterior 
portion  of  the  tube  kept  cool  enough  to  prevent  volatilisation  of  the 
copper  chloride  into  the  calcium-chloride  tube.  Lead  chromate  is 
much  better  for  the  purpose. 

The  chlorine  is  determined  by  placing  a  small  weighed  bulb  of 
liquid  in  a  combustion-tube,  which  is  afterwards  filled  with 
fragments  of  pure  quicklime.  The  lime  is  brought  to  a  red  heat, 
and  the  vapour  of  the  liquid  driven  over  it,  when  the  chlorine  dis- 
places oxygen  from  the  lime,  and  gives  rise  to  calcium  chloride. 
When  cold,  the  contents  of  the  tiibe  are  dissolved  in  dilute  nitric 
acid,  the  liquid  is  filtered,  and  the  chlorine  precipitated  by  silver 
nitrate. 

Bromine  and  iodine  are  estimated  in  a  similar  manner. 

Analysis  of  Organic  Compounds  containing  Sulphur. — When  a  body 
of  this  nature  is  burned  with  copper  oxide,  a  small  tube  containing 
lead  oxide  may  be  interposed  between  the  calcium-chloride  tube 
and  the  potash  apparatus,  to  retain  any  sulphurous  acid  that  may  be 
formed.  It  is  better,  however,  to  use  lead  chromate  in  such  cases. 
The  proportion  of  sulphur  is  determined  by  oxidising  a  Icnowu 
weight  of  the  substance  with  strong  nitric  acid,  or  by  fusion  in  a 
silver  vessel  with  ten  or  twelve  times  its  weight  of  pure  potassium 
hydrate  and  haK  as  much  nitre.  The  sulphur  is  thus  converted  into 
sulphuric  acid,  the  quantity  of  wliich  can  be  determined  by  dissolv- 
ing the  fused  mass  in  water,  acidulating  with  nitric  acid,  and 
adding  a  barium  salt.   Phosphorus  is,  in  like  manner,  oxidised  to 


*  Quarterly  Journal  of  the  Chemical  Society,  vi.  299. ; 
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phosphoric  acid,  the  quantity  of  which  may  be  determined  by  pre- 
cipitation as  ainmonio-magnesian  phosphate. 

An  easier  method  of  estimating  sulpbiu-,  phosphorus,  chlorine, 
&c.,  in  organic  compounds,  consists  in  heating  the  substance  with 
nitric  acid,  of  specific  gravity  about  1-2,  in  a  sealed  tube.  Sulphur 
is  thereby,  in  nearly  all  cases,  completely  converted  into  sulphuric 
acid,  and  may  be  precipitated  by  chloride  of  barium ;  'phosphorus 
and  arsenic  are  converted  into  phosphoric  and  arsenic  acids,  and  may 
be  precipitated  as  ammonio-magnesium  salts  ;  chlorine  is  partly 
oxidised,  partly  separated  in  the  free  state,  but  may  be  completely 
converted  into  hydi-ochloric  acid  by  means  of  a  dilute  solution  of 
6ulphurous_  acid  or  sulphite  of  sodium,  and  then  precipitated  by 
nitrate  of  sUver  ;  bromine  and  iodine  are  completely  separated  in  the 
free  state,  and  may  be  estimated  in  like  manner  ;  lastly,  metals  are 
converted  into  oxides  or  nitrates,  and  may  be  estimated  by  the 
ordinary  methods  of  mineral  analysis. 

This  method  of  oxidation  by  nitric  acid  in  sealed  tubes,  is  like- 
wise applicable  to  many  inorganic  compounds,  the  sulphides  of 
arsenic,  for  example. 


EMPIRICAL  AND  MOLECULAR  FORMULA. 

A  chemical  formula  is  termed  empirical  when  it  merely  gives  the 
simplest  possible  expression  of  the  composition  of  the  substance  to 
which  it  refers.  A  molecular  formula,  on  the  contrary,  expresses 
the  absolute  number  of  atoms  of  each  of  its  elements  supposed  to  be 
contained  in  the  molecule,  as  well  as  the  mere  numerical  relations 
existing  between  them.  The  empirical  formula  is  at  once  deduced 
from  the  analysis  of  the  substance,  reckoned  to  100  parts. 

The  case  of  sugar,  already  cited,  may  be  taken  as  an  example. 
This  substance  gives  by  analysis — 

Carbon,  41-98 

Hydrogen,  6-43 

Oxygen,       ......  51-59 


100-00 

If  each  of  these  quantities  be  divided  by  the  atomic  weight  of  the 
corresponding  element,  the  quotients  -will  express  the  relations 
existing  between  the  numbers  of  atoms  of  the  three  elements  :  these 
are  afterwards  reduced  to  their  simplest  expression.  This  is  the 
only  part  of  the  calculation  attended  with  any  difficulty.  If  the 
numbers  were  rigidly  correct,  it  would  only  be  necessary  to  divide 
each  by  the  greatest  divisor  common  to  the  whole  ;  but  as  they  are 
only  approximative,  something  is  of  necessity  left  to  the  judgment  of 
the  experimenter. 

In  the  case  of  sugar,  we  have 

41-98     „        6-43  51-59 

-jg-  =  3-50;  ^    =  6-43  ;  =  3-42, 
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or  350  atoms  carLon,  643  atoms  hydrogen,  and  342  atoms  oxygen. 
Now  it  is  evident,  in  the  first  place,  that  the  hydrogen  and  oxygen 
are  present  nearly  in  the  proportions  to  form  water,  or  twice  as  many 
atoms  of  the  former  as  of  the  latter.  Again,  the  atoms  of  carbon 
and  hydrogen  are  nearly  in  the  proportion  of  12  :  22,  so  that  the 
formula  CigHjaOn  appears  likely  to  be  correct.  It  is  now  easy  to 
see  how  far  this  is  admissible,  by  reckoning  it  back  to  100  parts, 
comparing  the  result  with  the  numbers  given  by  the  actual  analysis, 
and  observing  whether  the  difference  falls  fairly,  in  direction 
and  amount,  within  the  limits  of  error  of  what  may  be  termed 
a  good  experiment,  viz.,  two  or  three-tenths  per  cent,  deficiency  in 
the  carbon,  and  not  more  than  one-tenth  or  two-tenths  per  cent. 
excess  in  the  hydrogen  : — 

Carbon,  .  .  .  .  12  x  12  =  144 
Hydrogen,  .  .  .  .  1  x  22  =  22 
Oxygen,       .       .       .       .       16  x  11  =  lv6 

342 

342  :  144  =  100  :  42-11 
342  :  222  =  100  :  6-43 
342  :  176  =  100  :  51-46 

To  determine  the  molecular  formula,  several  considerations  must 
be  taken  into  account,  namely,  the  combining  or  saturating  power 
of  the  compound,  if  it  is  acid  or  basic  ;  the  number  of  atoms  of  any 
one  of  its  elements  (generally  hydi'ogen)  which  may  be  replaced  by 
other  elements ;  the  law  of  even  numbers,  which  requires  that  the 
sum  of  the  numbers  of  atoms  of  all  the  perissad  elements  (hydrogen, 
nitrogen,  chlorine,  &c.)  contained  in  the  compound  shall  be  divisible 
by  2  ;  and  the  vapour-density  of  the  compound  (if  it  be  volatile 
■without  decomposition)  which,  in  normally  constituted  compounds, 
is  always  half  the  molecular  weight  (vol.  i.  p.  253). 

The  molecular  formula  may  either  coincide  vidth  the  empirical 
formula,  or  it  may  be  a  multiple  of  the  latter.  Thus,  the  composi- 
tion of  acetic  acid  is  expressed  by  the  formula  CHjO,  which  exhibits 
the  simplest  relations  of  the  three  elements  ;  but  if  we  want  to 
express  the  quantities  of  these,  in  atoms,  required  to  make  up  a 
molecule  of  acetic  acid,  we  have  to  adopt  the  formula  CgH^Og  :  for 
only  one-fourth  of  the  hydrogen  in  this  acid  is  replaceable  by  metals 
to  form  salts,  C2H3KO2,  for  example  :  and  its  vapom-density,  com- 
pared vdth  hydrogen,  is  nearly  30,  which  is  half  the  weight  of  the 
molecule,  G^ft^  =  2.12-1-4.14-2.16.  Again,  the  empirical 
formula  of  benzene  is  CH  ;  but  this  contains  an  imeven  number  of 
hydro»en-atoms  :  moreover,  if  it  expressed  the  weight  of  the  molecule 

12  -i-  1 

of  benzene,  the  vapour-density  of  that  compound  should  be 

=  6-5,  whereas  experiment  shows  that  it  is  six  times  as  great,  or 
equal  to  39  :  hence  the  molecular  formula  of  benzene  is  CgHg. 
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Organic  acids  and  salt-radicles  have  theii-  molecular  weights  most 
frequently  determined  by  an  analysis  of  their  lead  and  silver  salts, 
by  burning  these  latter,  with  suitable  precautions,  in  a  thin  porcelain 
capsule,  and  noting  the  weight  of  the  lead  oxide  or  metallic  silver 
left  behind.  If  the  lead  oxide  be  mixed  with  globules  of  i-educed 
metal,  the  quantity  of  the  latter  must  be  ascertained  by  dissolving 
away  the  oxide  with  acetic  acid.  Or  the  lead  salt  may  be  converted 
into  sulphate,  and  the  silver  compound  into  chloride,  and  both 
metals  thus  estimated.  An  organic  base,  on  the  contrary,  has  its 
molecular  weight  lixed  by  observation  of  the  quantity  of  a  mineral 
acid  or  organic  salt-radicle,  requii-ed  to  form  with  it  a  compovmd 
having  the  characters  of  neutrality. 

The  rational  and  constitutional  formulae  of  organic  compounds 
will  be  considered  further  on. 

It  is  scarcely  necessary  to  observe  that  the  methods  just  described 
for  determining  the  empirical  and  molecular  formula  of  an  organic 
compound  fi-om  the  results  of  its  analysis,  together  with  its  physical 
properties  and  chemical  reactions,  are  equally  applicable  to  inorganic 
compounds. 


CLASSIFICATION  OF  OBGANIC  COMPOUNDS. — OEGANIC  SERIES. 

The  classification  of  organic  compounds  is  based  upon  the 
quantivalence  or  atomicity  of  carbon.  This  element  is  a  tetrad, 
being  capable  of  uniting  with  at  most  four  atoms  of  hydrogen  or 
other  monatomic  elements.  Methane  or  marsh  gas,  CH^,  is  there- 
fore a  saturated  hydi'ocarbon,  not  capable  of  xmiting  directly  with 
chlorine,  bromine,  or  other  monad  elements,  but  only  of  exchanging 
a  part  or  the  whole  of  its  hydrogen  for  an  equivalent  quantity  of 
another  monad  element.  It  may,  however,  as  already  explained 
(i.  262),  take  up  any  number  of  dyad  elements  or  radicles,  because  such 
a  radicle  introduced  into  any  group  of  atoms  whatever,  neutralises 
one  unit  of  equivalency,  and  adds  another,  leaving  therefore  the 
combining  capacity  or  equivalence  of  the  group  just  the  same  as 
before.  Accordingly,  the  hydrocarbon,  CH^,  may  take  up  any 
number  of  molecules  of  the  bivalent  radicle,  CHg,  thereby  giving 
rise  to  the  series  of  saturated  hydrocarbons, 

CH„         C,R„         CgHg,         C.Hio  .  .  .  CnH2n  +  2. 

A  series  of  compounds,  the  terms  of  which  diifer  from  one  another 
by  CHj,  is  called  a  homologous  series.  There  are  many  such 
series  besides  that  of  the  hydrocarbons  just  mentioned  ;  thus  methyl 
chloride,  CH3CI,  gives,  by  continued  addition  of  CHg,  the  series  of 
chlorides, 

CH3CI,       C2H5CI,       Cgl-IyCl,       CjHaCl  .  .  .  CnH2n  +  lCl; 


« 
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and  from  metliyl  alcohol,  CH4O,  is  derived  in  like  manner  the  series 
of  homologous  alcohols, 

CH4O,         CgHgO,         C3H8O,         C4H10O  .  .  .  Ci,H2n  +  20. 

The  terms  of  the  same  homologous  series  resemble  one  another  in 
many  respects,  exhibiting  similar  transformations  under  the  action 
of  given  reagents,  and  a  regular  gradation  of  properties  from  the 
lowest  to  the  highest ;  thus,  of  the  hydrocarbons,  CiiH2n  +  2,  the 
lowest  terms  CH^,  CjHg,  and  CgHg,  are  gaseous  at  ordmary  tempera- 
tures, the  highest,  contaiaing  20  or  more  carbon  atoms,  are  solid, 
while  the  intermediate  compoimds  are  liquids,  becouiuig  more  ancl 
more  viscid  and  less  volatile,  as  they  contain  a  greater  number  of 
carbon  atoms,  and  exhibiting  a  constant  rise  of  about  20"  in  their 
boiling  points  for  each  addition  of  CHg  to  the  molecule. 

The  saturated  hydrocarbons  CnH2a4-2,  may,  under  various  cir- 
cumstances, be  deprived  of  two  atoms,  or  one  molecule,  of  hydrogen, 
thereby  producing  a  new  homologous  series, 


C4H8 


C„H2n. 


These  are  unsaturated  molecules,  having  two  units  of  equivalency 
rmcombined,  and  therefore  acting  as  bivalent  radicles,  capable  of 
taking  up  2  atoms  of  chlorine,  bromine,  or  other  imivalent  radicles, 
and  1  atom  of  oxygen  or  other  bivalent  radicle. 

The  first  term  of  this  last  series  cannot  give  up  2  atoms  of 
hydrogen  without  being  reduced  to  the  atom  of  carbon  ;  but  the 
remaining  terms  may  each  give  up  2  atoms  of  hydrogen,  and  thus 
give  rise  to  the  series, 

C2H2,        ^3114,        ^4^6  •  •  •  C!nH2n-2, 

each  term  of  which  is  a  quadrivalent  radicle. 

And,  in  like  manner,  by  successive  abstraction  of  Hj,  a  number 
of  homologous  series  may  be  formed,  whose  general  terms  are 

CnH2n  +  2,      CnH2n,      CnH2n-2,       CnH2n-4  .  .  .  &C. 

The  individual  series,  as  far  as  Cg,  are  given  in  the  following 
table,  together  with  the  names  proposed  for  them  by  Dr  Hofmann:* 

CH, 


Methane 

C2He 
Ethane 

C3H8 
Propane 

Qnaitane 

Qiiintaue 

poHi4 

Sextane 


CH2 
Methene 

C2H, 
Ethene 

C3H8 
Propene 

C4H8 
Quartene 

Quintone 

Sexteno 


C2H2 

Ethine 

C3H4 

C3H2 

Propine 

Pi'opone 

C4H8 

C4H4 

C4H2 

Quartine 

Quartone 

Quart  une 

C5H8 

C5H0 

C5H4 

Quintine 

Quintone 

Quintune 

CoHg 

CeH4 

Sextine 

Sextone 

Sextune 

*  Proceedings  of  the  Royal  Society,  xv.  57.  Names  witb  Greek  prefixes  are, 
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Each  vertical  column  of  this  table  forma  a  homologous  series,  in 
which  the  terms  diU'er  by  CH2,  and  each  horizontal  line  an 
isologous  series,  in  which  the  successive  terms  differ  by  Hg.  The 
bodies^  of  these  last  series  axe  designated  as  the  monocarbon, 
dicarbon  group,  &c. 

The  formulaj  in  the  preceding  table  represent  hydrocarbons,  all  of 
which  are  capable  of  existing  in  the  separate  state,  and  many  of 
which  have  been  actually  obtained.  They  are  all  derived  from 
satm-ated  molecules,  CnHin  +  2,  by  abstraction  of  one  or  more  pairs 
of  hydrogen-atoms. 

But  a  saturated  hydrocarbon,  CH^,  for  example,  may  give  up 
1,  2,  3,  or  any  number  of  hydi'ogen  atoms  in  exchange  for  other 
elements  ;  thus,  marsh  gas,  CH4,  subjected  to  the  action  of  chlorine 
under  various  circumstances,  yields  the  substitution-products, 

CH3CI,       CH2CI2,       CHCI3,  CCI4, 

which  may  be  regarded  as  compounds  of  chlorine  with  the  radicles, 

(CH3)',      (CH^)",  (CH3y", 

and  in  like  manner  each  hydrocarbon  of  the  series,  CnHan  +  2,  may 
yield  a  series  of  radicles  of  the  forms, 

(CnH2„  +  l)',      (CnHan)",      (CnH2n-l)'",      C„H2n- 2)",  &C., 

each  of  which  has  an  equivalent  value,  or  combining  power,  corre- 
sponding with  the  number  of  hydrogen-atoms  abstracted  from  the 
original  hydrocarbon.  Those  of  even  equivalence  contain  even 
numbers  of  hydrogen-atoms,  and  are  identical  in  composition  with 
those  in  the  table  on  page  22  ;  but  those  of  uneven  equivalence  con- 
tain odd  numbers  of  hydrogen  atoms,  and  are  incapable  of  existing 
in  the  separate  state,  except,  perhaps,  as  double  molecules  (vol.  i. 
p.  262). 

These  hydrocarbon  radicles  of  uneven  equivalence  are  designated 
by  names  ending  in  yl,  those  of  the  univalent  radicles  being  formed 
from  methane,  ethane,  &c.,  by  changing  the  termination  ane  into  yl; 
those  of  the  trivalent  radicles  by  changing  the  final  e  in  the  names 
of  the  bivalent  radicles,  methene,  &c.,  into  yl ;  and  similarly  for  the 
rest.    The  names  of  the  whole  series  will  therefore  be  as  follows  : 

CH^     (CHg)'     (CHj)"  (CH)'" 
Methane  Methyl      Methene  Metlienyl 

C^Hg  {C,HJ  (C2H4)"  (CsHg)'"  (CH^)' 
Ethane     Ethyl       Etliene      Etlienyl      Ethine  Ethinyl 

CgHg       (C3H7)'        (CgHc)"       (CgHs)'"       {C,U,)"     (C3H3)'  {C3H)'" 

Propane    Propyl     Propene     Propenyl     Propine    Propinyl   Propone  Proponyl 
itec;  &c.  &c. 

From  these  hydrocarbon-radicles,  called  alcohol-radicles,  because 

however,  more  generally  used;  e.g.,  pentaiie,  lie-xane,  and  liejatane,  rather 
than  quintane,  sextane,  and  septane. 
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they  enter  into  the  composition  of  alcohols,  others  of  the  same  degree 
of  equivalence  may  be  derived  by  partial  or  total  replacement  of  the 
hydrogen  by  other  elements,  or  compound  radicles.  Thus  from 
propyl,  CaHy,  may  be  derived  the  following  univalent  radicles  : 

CsHeCl        C3H3CI,       C3H5O        C3H2CI3O  CaHeCCN)' 
Chloropropyl.      Tetrachloro-      OxypropyL    .     Trichlor-  Cyanopropyl. 
propyl.  oxypropyl. 

CgHeCNO^)        C3H,(NH2)0        C3Ho(CH3)  CaH.CC^Hs)^ 

Nitropropyl.  Amidoxypropyl.         Methyl-propyl.  Diethyl-propyl. 

From  the  radicles  above  mentioned,  all  well-defined  organic  com- 
pounds may  be  supposed  to  be  formed  by  combination  and 
substitution,  each  radicle  entering  into  combination  just  like 
an  elementary  body  of  the  same  degree  of  quantivalence. 

Organic  compounds  may  thus  be  arranged  in  the  following 
classes  : — 

1.  Hydrocarbons  containing  even  numbers  of  hydrogen 
atoms.- — These  are  the  compounds  tabulated  on  page  22  ;  they  are 
sometimes  regarded  as  hydxides  of  radicles  containing  uneven 
numbers  of  hydrogen  atoms,  e.g., 

Methane,  CH4  =  CH3.H    Methyl  hydride. 

2.  Haloid  Ethers. — Compounds  of  hydrocarbons  with  halogen 
elements,  e.g., 

CH3CI  C^H.Br^  C3H.I3 

Methyl  chloride.        Ethene  bromide.       Propenyl  iodide. 

3.  Compounds  of  hydrocarbons  with  nitryl,  NOg  (the  radicle  of 
nitric  acid,  NOg.OH),  e.g., 

CH3.NO2  C2H,.(N02)2 
Nitro-methane.  Dinitro-methene. 

4.  Amines  and  Nitrils. — Compounds  of  alcohol-radicles  with 
amidogen  (NHg),  imidogen  (NH)",  and  nitrogen  (N'")  :  e.g., 

C2H5.NH2  (C2H5)2.NH  {C,IL,)sS 

Ethylamlne.  Diethylamine.  Triethylamine. 

C,IL,.imi,),  {C,li,UNR\  (C2H,)3.N2 

Ethene-diamine.  Diethene-diamine.  Triethene-diamine. 

These  bodies  are  mostly  of  basic  character,  and  capable  of 
forming  salts  with  acids,  like  ammonia,  H3N,  from  which  they  may, 
in  fact,  be  derived  by  substitution  of  alcohol-radicles  for  part  or 
the  whole  of  the  hydrogen.  Those  in  which  the  hydi'ogen  is  wholly 
thus  replaced  are  called  nitrils  ;  and  among  these  special  mention 
must  be  made  of  a  group  consisting  of  nitrogen  combined  with  a 
trivalent  hydrocarbon-radicle,  such  as — 

(CH)N  (C2H3)N  (C3H,)N 

Methenyl  Ethenyl  Propenyl 

nltril.  nitril.  nlti'U. 
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These  nitrils  liave  no  basic  properties,  but  are  all  neutral,  except 
the  fii'st,  which  is  a  monobasic  acid,  capable  of  exchanging  its 
hycli'ogen  for  metals,  and  in  this  character  may  be  regarded  as  a  com- 
poimd  of  hydrogen  with  the  imivalent  radicle  cyanogen  —  C^N  ;  it 
isaccordiagly named  hydrogen  cyanide,  or  hydrocyanic  acid, 
and  the  other  nitrils  homologous  with  it  are  the  ethers  of  this  acid  ; 
thus  : 

Methenyl  nitril,  (CH)N  =CN .  H,  Hydrogen  cyanide, 
Ethenyl  nitril,  (C,H3)N  =CN .  CHg,  Methyl  cyanide, 
Propenyl  nitril,  (C3H5)N  =  CN .  C2H5,  Ethyl  cyanide. 

By  the  combination  of  amines  with  the  chlorides,  hydroxides,  &c., 
of  alcohol-radicles,  compormds  are  formed  containing  pentad  nitro- 
gen, and  [haviag  the  composition  of  ammonium  salts,  in  which  the 
hydrogen  is  more  or  less  replaced  by  alcohol  radicles  ;  thus  : 

N(C2H5)H3C1,  Ethylammonimn  chloride, 
N(C2H5)2H2C1,  Diethylammonium  chloride, 
N(C2H5)3HC1,  Triethylammonium  chloride, 
N  (02115)401,  I'etrethylammonium  chloride, 
N(02H5)40H,  Tetrethylammonium  hydroxide. 

This  last  compound  and  its  analogues,  contaiaiug  methyl,  amyl,  &c., 
are  powerful  alkalis,  obtainable,  by  evaporation  of  their  aqueous 
solution,  as  white  deliquescent  crystalline  masses  resembling  caustic 
potash. 

Analogous  to  the  amines  are  the  phosphines,  arsines,  and 
stibines, — e.g., 

(02H5)2.PH  (C2H,)3As  (C2H5)3Sb 

Diethyl-phosphine.  Triethyl-arsine.  Tiiethyl-stibine. 

5.  Alcohols. — Oompounds  of  hydrocarbons  with  hydroxyl :  e.g., 

C2H,.0H  C2H,.(OH)2  C3H5.(OH)3 

Ethyl-alcohol.  Ethene  alcohol  Propenyl  alcohol 

(Glycol).  (Glyceiin). 

6.  The  replacement  of  the  hydroxylic  hydrogen  in  an  alcohol  by 
hydrocarbon-radicles  (alcohol-radicles),  or  oxygenated  hydrocarbon 
radicles  (acid  radicles),  gives  rise  respectively  to  oxygen-ethers 
and  compound  ethers,  e.g., 

C2H5.O.C2H5  C2H5.O.OH3  C2H4O 

Ethyl  oxide.  Ethyl-methyl  Ethene  oxide, 

oxide. 


C2H,.0.C,H,0  ^2H4<QQ^j.jp  *^2H4<oC2H30 


Ethyl  acetate.  Ethene  mono-acetate.  Ethene  dl-acetate. 

7.  Sulphur  and  Selenium  Alcohols  and  Ethers. — Com- 
pounds analogous  to  the  oxygen  alcohols  and  ethers — the  oxygen 
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being  replaced  by  sulphur  or  selenium.  The  sulphur  and  selenium 
alcohols  are  called  mercaptans. 

8.  Compounds  of  hydrocarbon  radicles  with  vai'ious  elements, 
metallic  and  non- metallic  :  e.g., 

NaCaHfi  Zn(G3H.)2  SnCCHa)^ 

Sodium  ethide.  Zinc  ethidu.  Stannic  metliide. 

B(C2H,)3  Si(C2H,), 

Triethylic  boride.  Tetrethylic 

sUicide. 

Those  containing  metals  are  called  Organo-metallic  Com- 
pounds. 

9.  Aldehydes. — Compounds  intermediate  between  alcohols  and 
acids.    Thus  : 

CaHgO  C2H4O  C2H4O2 

Ethyl  Acetic  Acetic 

alcohol.  aldehyde.  acid. 

10.  Ketones. — Bodies  derived  from  aldehydes  by  the  replace- 
ment of  1  atom  of  hydrogen  by  an  alcohol-radicle  ;  e.g., 

Acetone,  CsHgO  =  C2H3(CH3)0. 

Organic  Acids. — Compounds  of  oxygenated  radicles  with 
hydroxyl;  e.g., 

C2H3O.HO         (C,HA)-(H0)2  (C6HA)-(HO)3 

Acetic  acid.  Succinic  acid.  Citric  acid. 

The  hydrogen  in  the  radicles  of  these  acids  may  be  more  or  less 
replaced  by  chlorine,  bromine,  nitryl,  amidogen,  &c. :  thus  from 
benzoic  acid,  CyHgO.OH,  ate  derived  : 

CyH^ClO.OH  C7H,(N02)O.OH  C7H3(NH2)20.0H 

Chlorobenzoic  Nitrobenzoic  acid.  Diamidobenzoic 

acid.  acid. 

11.  Acid  Halides,  also  called  Chlor-anhydrides,  Brom- 
anhydrides,  &c.— Compounds  of  oxygenated  radicles  (acid  radicles) 
with  halogen-elements,  and  derived  from  the  acids  by  substitution 
of  those  elements  for  the  hydroxyl ;  e.g., 

C2H3O.CI  C2H,02.Cl2  CeH,0,.Cl3 

Acetyl  chloride.  Succlnyl  chloride.  ,  Citryl  chloride. 

12.  Acid  Oxides,  sometimes  called  Anhydrous  Acids  or  Anhy- 
drides; e.g., 

(C,H30)20  C,HA.O  §1^0  jo 

Acetic  oxide.  Succinic  acid.  Aceti-benzoic 

oxide. 

13.  Amides. — Compounds  analogous  to  the  amines,  but  containing 
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acid-radicles  instead  of  alcohol- radicles :  those  which  contata 
bivalent  radicles  combined  with  imidogen,  NH,  are  called  imides  j 


eg., 

Acetaniide,  C2H0O.NH2 
Diacetamide,  (C2H30)2.NH 
Succinimide,  C4H4O2.NH 


Succinamide,  C4H.;02(NH2)2 
Trisuccinamide,  (0411402)31^2 
Citramide,  (CflH504)N 


Each  of  the  classes  of  carbon-compomids  above  enumerated  may- 
be divided  into  homologous  and  isologous  series,  though  in  most 
cases  these  series  are  far  fi'om  being  complete. 

Further,  organic  compoimds  may  be  divided  in  two  great  groups, 
called  the  Fatty  and  Aromatic  groups,  each  including  hydrocar- 
bons, alcohols,  acids,  bases,  &c.,  those  of  the  first  group  being  derived 
from  methane,  CH4,  and  those  of  the  second  from  benzene,  CgHg. 
The  corresponding  compounds  in  these  two  groups  are  distinguished 
from  one  another  by  well-marked  characters,  supposed  to  depend 
upon  the  ai-rangement  of  the  carbon-atoms  in  their  molecules. 

The  preceding  classes,  most  of  which  have  their  analogues 
amongst  inorganic  compounds,  include  nearly  all  artificially  prepared 
organic  bodies,  and  the  majority  of  those  produced  in  the  living 
organism.  There  are  still,  however,  many  compounds  formed  in  the 
bodies  of  plants  and  animals,  the  chemical  relations  of  which  are  not 
yet  sufficiently  well  made  out  to  enable  us  to  classify  them  with 
certainty.  Such  is  the  case  with  many  vegetable  oils  and  resins, 
with  most  of  the  alkaloids  or  basic  nitrogenised  compounds  found  in 
plants,  such  as  morphine,  quinine,  strychnine,  &c.,  and  several 
definite  compoimds  formed  in  the  animal  organism,  as  albtimin, 
fibrin,  casein,  and  gelatin. 

Rational  Formulce  of  Organic  Compounds. — It  must  be  distinctly 
understood  that  the  formulae  above  given  are  not  the_  only  ones  by 
which  the  constitution  of  the  several  classes  of  organic  compounds 
may  be  represented.  Rational  formulse  are  intended  to  represent  the 
mode  of  formation  and  decomposition  of  compounds,  and  the  relation 
which  allied  compounds  bear  to  one  another  :  hence,  if  a  compoimd 
can,  under  varying  circumstances,  split  up  into  difterent  atomic 
groups  or  radicles,  or  if  it  can  be  formed  in  various  ways  by 
the  combination  of  such  radicles,  difi^erent  rational  formulas  must  be 
assigned  to  it.  This  point  has  been  ali'eady  noticed  in  connection 
with  the  constitution  of  metallic  salts,  and  illustrated  especially  in 
the  case  of  the  sulphates  (i.  321)  ;  but  organic  compounds,  which 
for  the  most  part  contain  larger  numbers  of  atoms,  and  are  therefore 
capable  of  division  into  a  greater  number  of  groups,  afl'ord  much 
more  abimdant  illustration  of  the  same  principle.  Take,  for 
example,  acetic  acid,  the  molecular  formula  of  which  is  C2H4O2. 
This  may  be  resolved  into  the  following  rational  formulro  : 

1.  CgHoOa.!!.— This  formula,  analogous  to  thiit  of  hydrochloric 
acid,  Cl.H,  indicates  that  a  molecule  of  acetic  acid  can  give  up  one 
atom  of  hydrogen  in  exchange  for  a  univalent  metal  or  alcohol- 
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radicle,  forming,  for  example,  sodium  acetate,  CgHgOj.Na,  ethyl 
acetate,  C^U^.C^Hs,  &c. ;  that  two  molecules  of  the  acid  may  give 
up  two  hydrogen-atoms  in  exchange  for  a  bivalent  metal  or  alcohol- 
radicle,  forming  barium  acetate,  (C2H302)2Ba,  ethene  acetate, 
(0211302)2.(02114),  &c.  ;  in  other  words,  that  acetic  acid  is  a  mono- 
basic acid  (i/322). 

2.  O2H3O.HO.— This  formula,  analogous  to  that  of  water,  H.HO, 
indicates  such  reactions  as  the  formation  of  acetic  acid  from  acetic 
chloride  by  the  action  of  water  : 

C2H3O.CI  +  H.HO  -  HOI  -1-  C2H3O.HO. 

3.  C2H3O.H.O.— This  formula,  also  comparable  with  that  of  water, 
H.H.O,  indicates  the  conversion  of  acetic  acid  into  acetic  chloride, 
by  the  action  of  phosj)horus  pentachloride  : 

C2H3O.H.O  +  PCI3.CI2  =  C2H3O.CI  +  HCl  -I-  POI3O; 

also  the  formation  of  thiacetic  acid,  C2H3O.H.S,  by  the  action 
of  phosphorus  pentasulphide  on  acetic  acid  : 

5(C2H30.H.O)  -t-  PaSg  =  5(C2H30.H.S)  +  PgOg. 

4.  (02H3)'".HO.O. — This  represents  the  formation  of  acetic  acid 
&om  ethenyl  nitril,  (02H3)"'N,  by  heating  with  caustic  alkalis  ; 

(02H3)N  -1-  l^g}  =  NH3  -t-  (02H3).0.H0. 

5.  (C0.CH3).H0. — This  formula,  in  which  the  radicle  acetyl, 
C2H3O,  is  resolved  into  carbonyl,  (CO)",  and  methyl,  rejDresents  : 

«.  The  decomposition  of  acetic  acid  by  electrolysis,  in  which 
hydrogen  is  evolved  at  the  positive  pole,  while  carbon  dioxide  and 
ethane,  O2HQ,  apjDear  at  the  negative  : 

2(OO.CH3.HO)  =  H2  +  C2H8  +  2OO2. 

/3.  The  production  of  methane  (marsh  gas)  by  heating  potassium 
acetate  with  excess  of  potassium  hydi'oxide  (i.  172). 

CO.CH3.KO  +  HKO  =  OH,  +  (00)".(K0)2. 

Potassium  acetate.       Potassium    Metliane.  Potassium 
liydi-oxide.  carbonate. 

7.  The  production  of  acetone  and  barium  carbonate  by  the  dry 
distillation  of  barium  acetate  : 

(OO.OH3)2.Ba02  -  (C0)(0H3)2  -I-  (00).Ba02. 

Barium  acetate.  Acetone.  Barium 

carbonate. 

Now,  on  comparing  these  several  rational  formidffi,  it  will 
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he  seen  that  they  cOi'e  all  included  under  the  constitutional  for- 


H— C— C— 0— H, 

k 

in  which  the  molecule  is  resolved  into  its  component  atoms,  and  these 
atoms  are  grouped,  as  far  as  possible,  according  to  their  different 
equivalences,  or  combining  capacities.  These  constitutional  formuhe 
are  the  nearest  approach  to  the  representation  of  the  true  constitu- 
tion of  a  compound  that  our  knowledge  of  its  reactions  enables  us  to 
give  ;  but  the  student  cannot  too  carefully  bear  in  mmd  that  they 
are  not  intended  to  represent  the  actual  arrangement  of  the  atoms 
in  space,  but  only,  as  it  were,  their  relative  mode  of  combination, 
showing  which  atoms  are  combined  together  directly,  and  which 
only  indirectly,  that  is,  through  the  medium  of  others.  Thus,  in 
the  formula  of  acetic  acid,  it  is  seen  that  three  of  the  hydrogen- 
atoms  are  imited  directly  with  the  carbon,  while  the  fourth  is  imited 
to  it  only  through  the  medium  of  oxygen  ;  that  one  of  the  two 
oxygen-atoms  is  combined  with  carbon  alone,  the  other  both  with 
carbon  and  with  hydrogen  ;  and  that  one  of  the  carbon  atoms  is 
combined  with  the  other  carbon  atom  and  with  hydrogen  ;  the 
second  with  carbon  and  with  oxygen.  Abundant  illustration  of 
these  principles  will  be  afforded  by  the  special  descriptions  of  organic 
compounds  in  the  following  pages. 

Isomerism. — Two  compounds  are  said  to  be  isomeric,  when 
they  have  the  same  empirical  formula  or  percentage  composition, 
but  exhibit  different  properties.  A  few  examples  of  isomerism  are 
met  with  amongst  inorganic  compounds  ;  but  they  are  much  more 
numerous  amongst  organic  or  carbon  compounds. 

Isomeric  bodies  may  be  divided  into  two  principal  groups, 
namely : 

A.— Those  which  have  the  same  molecular  weight ;  and  these  are 
subdivided  into  : 

06.  Isomeric]  bodies,  strictly  so  called,  namely,  those  which 
exhibit  analogous  decompositions  and  transformations  when  heated, 
or  subjected  to  the  action  of  the  same  reagents,  and  differ  only  in 
physical  properties.  Such  is  the  case  with  the  volatile  oils  _  of 
turpentine,  lemons,  juniper,  &c.,  all  of  which  have  the  composition 
CiqH^g?  resemble  each  other  closely  in  their  chemical  reactions,  and 
are  distiaguished  chiefly  by  their  odour  and  their  action  on  polarised 
light. 

/3.  Metameric  bodies,  which,  with  the  same  percentage  com- 
position and  molecular  weight,  exhibit  dissimilar  transforma- 
tions under  similar  circumstances.  Thus  the  molecular  foi-mula, 
CjHnOa,  represents  three  different  bodies,  aU  exhibiting  different 
modes  of  decomposition  under  the  influence  of  caustic  alkalis,  viz., 
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(1.)  Propionic  acid,  CgHjO.OH,  which  is  converted  by  caustic 
potash,  at  ordinary  temperatm-es,  into  potassium  propionate, 
CgH-p.OK. 

(2.)  Methyl  acetate,  C2H3O.OCH3,  a  neutral  liquid  not  acted  upon 
by  potash  at  common  temperatm-es,  but  yielding,  when  heated  with 
it,  j)otassium  acetate  and  methyl  alcohol : 

C2H3O.OCH3  +  KOH  =  C2H3O.OK  +  CH3.OH. 

(3)  Ethyl  formate,  CHO.OC2H5,  converted  in  like  manner,  by 
heating  with  potash,  into  potassium  formate,  CHO.OK,  and  ethyl 
alcohol,  C2H5.OH. 

These  three  compounds  may  be  represented  by  the  following 
constitutional  formulse,  the  dotted  lines  marking  the  division  into 
radicles  indicated  by  the  rational  formulae  above  given  : 

HoC  •  H  •     • H 


H3C 

0  =  C— 0— H,  .  .  .  H 


I  •  I  •  I 

0  =  0— 0— CH3,      0  =  0— 0— C— OH3. 


Propionic  acid.  Methyl  acetate.  Ethyl  formate. 

Another  kind  of  metamerism  is  exhibited  by  the  normal  and  iso- 
alcohols  and  their  derivatives,  the  structure  of  which  wUl  be 
explained  hereafter. 

Compounds  which  have  the  same  percentage  composition; 
but  dififer  in  molecular  weight ;  such  bodies  are  called  polymeric. 
The  most  striking  example  of  polymerism  is  exhibited  by  the 
hydrocarbons,  OnH2n,  all  of  which  are  multiples  of  the  lowest, 
namely,  methene,  CHg.  Another  example  is  afforded  by  certain, 
natural  volatile  oils,  which  are  polymeric  with  oil  of  tm-pentine, 
C10H16)  and  have  the  formulae,  C2oH32>  C3nH48,  &c.  All  polymeric 
compormds  exhibit  regular  gradations  of  boiling  point,  vapour 
density,  and  other  physical  characters,  from  the  lowest  to  the 
highest.  Some  are  chemically  isomeric,  exhibiting  analogous  trans- 
formations under  similar  circumstances,  while  others  are  metameric, 
exhibiting  dissimilar  reactions  imder  given  circumstances. 


PHYSICAL   PROPERTIES    OP  CARBON-COMPOUNDS. 

1.  Density  and  Specific  Volume. — It  has  been  already  pointed 
out  (i.  253)  that — with  a  few  apparent  exceptions  depending  on 
decomposition  or  dissociation  at  high  temperatures — ^the  densities 
of  aU  compounds  in  the  gaseous  state  are  proportional  to  their 
molecular  weights  ;  further  that,  taking  hydrogen  as  the  vmit,  both 
of  density  and  of  atomic  weight,  the  density  of  any  compound  <Tas 
or  vapour  is  equal  to  half  its  molecular  weight ; — and  consequently 
that  the  specific  volume  of  any  compound  gas  or  vapour- — that  is  to 
say,  the  quotient  of  its  molecular  weight  by  Its  density — is  equal  to  2 
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In  the  liquid  and  solid  states  the  relations  between  density  alid 
molecular  weight  are  less  simple  ;  nevertheless  some  very  remarkable 
laws  have  been  made  out,  depending,  in  the  case  of  solid  bodies, 
chiefly  on  isomorphism  (i.  254). 

In  the  case  of  carbon  compoimds,  it  is  principally  with  reference 
to  the  liquid  state  that  general  relations  between  density,  molecular 
weight,  and  atomic  constitution  have  been  discovered. 

The  specific  volumes  of  liquids  are  comparable  only  at  those 
temperatures  for  which  their  vapour-tensions  are  equal,  as  at  the 
boiling  points.  If  the  molecular  weights  are  compared  with  the 
densities  at  equal  temperatures,  no  regular  relations  can  be  per- 
ceived ;  but  when  the  same  comparison  is  made  at  the  boiling  points 
of  the  respective  liquids,  several  remarkable  laws  become  apparent. 
The  density  of  a  Liquid  at  its  boiling  point  cannot  be  ascertained  by 
direct  experiment,  but  when  the  density  at  any  one  point,  say  at 
15-5°  C,  has  been  determined,  and  the  rate  of  expansion  is  also 
known,  the  density  at  the  boiling  point  may  be  calculated. 

The  most  important  of  these  relations  are  the  following  : — 

1.  In  homologous  series  a  difference  of  CHg  in  the  composition 
answers  to  a  diiference  of  22  in  the  specific  volume  ;  thus  : 

Difference. 

22 
22 
22 
22 

Hence  it  follows  that  the  group  CH2  has  the  specific  volume  22. 

2.  The  substitution  of  1  atom  of  carbon  for  2  atoms  of  hydi-ogen 
makes  no  alteration  in  the  specific  volume  of  a  liquid  compound  : 

Mol.  Wt.         Specific  Volume. 
Octane,  CgHig  114  187 

Cymene,        CioHi^  134  187 

Ethylic  ether,  C4H10O  74  106-8 

Phenol,         CgHeO  94  106-8 

Now,  since  the  specific  volume  of  CHg  is  22,  and  that  of  1  carbon- 
atom  is  the  same  as  that  of  2  hydrogen- atoms,  it  follows  that  the 
specific  volume  (or  atomic  volume)  of  carbon  is  11  and  that  of 
hydrogen  5-5. 

Calculating  in  a  similar  manner  the  specific  volume  of  oxygen 
in  various  carbon-compounds,  it  is  found  that  this  element  has  two 
specific  or  atomic  volumes,  accordingly  as  it  is  united  by  both  its 
units  of  affinity  to  one  carbon-atom,  as  in  the  group  0=0,  in  which 
case  its  specific  volume  is  12-2  ;  or  to  two  difl'erent  atoms,  as  iu 

methyl  alcohol,  0<^^,  and  methyl  ether,  0<(jjj^^,  in  which 


Molecular 

Specific 

Weight. 

Volume. 

Formic  acid. 

C  H2O2 

46 

42 

Acetic  acid. 

C2H4O2 

60 

64 

Propionic  acid,  CgHgOa 

74 

86 

Butyric  acid. 

88 

108 

Valeric  acid. 

C5H10O2 

102 

130 
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case  the  specific  volume  is  7'8. 


CH3 

In  acetic  acid,       |  ,  the 

0=:C— 0— H 

O-atom  which  is  connected  with  a  carbon-atom  alone  has  the 
specific  volume  12-2,  while  that  joined  to  both  C  and  H  has  the 
specific  volumes  7-8.  If  this  compound  be  represented  as  acetyl- 
hydroxide,  ^-^3pO  |  C2H3O  |      ^-^^^  water  in 

which  1  atom  of  hydrogen  is  replaced  be  the  radicle  acetyl,  C2H3O, 
we  may  say  that  the  specific  volume  of  the  intra-radical  oxygen  is 
12-2,  and  that  of  the  extra-radical  oxygen  7'8. 

The  specific  volume  of  dyad  sulphur  varies  in  a  similar  manner, 
being  28-6  or  23  accordingly  as  the  sulphur-atom  is  united  to  one 
atom  of  another  element  by  both  its  combining  units,  or  to  two 

separate  atoms,  as  in  thiocarbonic  acid,  jjg  C  S^,  or  S=C<g  -g-, 

where  the  sulphur-atom  imited  with  the  C  alone  has  the  specific 
volume  28'6,  and  the  two  others,  each  of  which  is  connected  both 
with  C  and  H,  have  the" specific  volume  23. 

The  specific  volume  of  nitrogen  in  the  amines,  e.g,  H3C  — NH2 
(methyl  amine),  is  2-3  ;  in  cyanogen-compounds,  17  ;  and  in  nitroxyl, 
ISTOj,  17'4.  The  specific  volumes  of  the  haloid  elements  are  the 
same  in  all  their  compounds,  viz.,  Cl  =  22-8  ;  Br  =  27-8  ;  1  =  37-5. 

From  these  data  the  specific  volumes  of  compounds  may  be 
calculated  with  very  near  approach  to  the  values  directly  obtained 
by  dividing  the  molecular  weights  by  the  specific  gravities.  A  com- 
parison of  the  observed  and  calculated  values  of  a  few  compounds  is 
given  in  the  following  table  : — 


Substance. 


Water  

Methyl  alcohol . 
Ethyl  alcohol'... 

Acetic  acid  

Acetone  

Butyric  acid  . . . . 
Ethyl  acetate  . . . 

Mercaptan   

Aniline  

Ethyl  cyanide . . 
Ethyl  nitrate. ... 

Chloroform  

Ethyl  bromide.. 
Ethyl  Iodide  ... 


Formula. 


Specific  Volume  at  the  BoUing  Point. 


Calculated. 


H,0 


0. 

0 


H 
.H 


H 


aHjO .  0 

C0(CH3)., 
C4H7O .  OH 
CHgO.O.CaHj 
CAS.H 


C3H5.CN 

CHCI3 
CoHjBr 


2.5-54- 
11+4.5-5  + 
11  +  6.5-5  + 
11  +  4.5-5  + 
11  +  6.5-5  + 
11  +  8.5-5  + 
11  +  8.5-5  + 
11  +  6.5-5  + 
11  +  7.5-5  + 


7-8 
7-8 
7-8 

7-8  +  12-2 
12-2 
7-8  +  12-2 
7-8  +  12-2 
23 
2-3 


11  +  5.5-5  +  17 

ll  +  5.5-6  +  17-4  +  3.7-8  = 

11    6.5    +  3.2    2.8  = 

11  +  5.5-5  +  27-8 

11  +  5.5-5  +  37-5 


Quotient  of 
Mol.  Wt. 
by  ,Sp.  Gr. 

18-8 

18-8 

40-8 

42 

62-8 

62-5 

64 

63-6 

78-2 

77-6 

108 

107 

108 

107-6 

78 

76-1 

106-8 

106-8 

77-5 

77-2 

90-3 

90-1 

84-9 

84-8 

77-3 

78-4 

87-0 

86-4 

MELTING  AND  BOILING  POINTS. 
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Melting  Point  and  Boiling  Point. — Solid  carbon-compounds 
are  for  the  most  part  capable  of  melting  without  decomposition,  and 
exhibit  fixed  melting  points.  Many  of  those  whi<;h  are  liquid  at 
ordinaiy  temperatures  boil  and  volatilise  -wathout  decomposition 
under  the  ordinary  atmospheric  pressure,  and  their  boiling  tempera- 
tiu:es  are  constant  under  any  given  pressure.  Many  others,  on  the 
contrary,  when  heated  under  the  ordmary  pressure,  decompose  before 
they  boil,  but  some  of  these  are  formd  to  boil  without  decomposition 
imder  pressures  more  or  less  reduced. 

Generally  speaking,  the  boiling  point  of  a  compound  is  higher  as 
its  constitution  is  more  complex.  This  is  seen  (1)  in  polymeric 
compounds:  for  example,  formic  aldehyde,  CHgO,  is  a  gas;  but 
acetic  acid,  C2H4O2,  is  a  liquid  boiling  at  118°;  lactic  acid,  CaHgOj, 
boils  at  200°,' but  at  the  same  time  decomposes  to  a  great  extent  ; 
and  grape-sugar,  CgHj,Og,  is  not  volatile  at  all,  but  imdergoes  com- 
plete decomposition  when  strongly  heated. 

2.  In  the  successive  terms  of  a  homologous  series,  the  boiling 
point  rising  successively  for  every  addition  of  CH2.  In  some  cases 
this  increase  is  very  regular:  thus  in  the  series  of  normal  alcohols,* 
CnIl2n+20,  the  successive  members,  up  to  the  8-carbon  alcohol,  differ 
in  boiling  point  by  nearly  1 9°,  and  in  the  normal  fatty  acids,  CnH2n02, 
the  difference  from  the  second  to  the  sixth  term  is  very  nearly  22°, 
but  afterwards  becomes  less ;  as  shown  by  the  following  table : — 


Alcohols,  C„H2„^20. 

Acids,  C„H2„02. 

Ethylic, 

PropyUc, 

Butylic, 

Pentylic, 

Hexylic, 

Heptylic, 

OctyUc, 

Nonylic,; 

C.HsO 

CgHgO 

C4H10O 

CeHnO 
C^HjeO 

t'oHjjO 

78-4° 

97° 
116° 
137° 
156-6° 
177° 

190-192° 
200° 

Acetic, 

Propionic, 

Butyric, 

Valeric, 

Caproic, 

Oenanthylic, 

Rutic, 

Pelargonic, 

C2H4O2 
C3H5O2 
C4H8O2 
C5H10O2 

C7H14O 
C9H18O2 

118° 

140-6° 

163-2° 

184-5° 

204-5° 

223-224° 

232-234° 

253-254° 

In  other  cases,  the  differences  between  the  boiling  points  of  the 
successive  members  of  a  series  decrease  by  a  regular  amount  up  to  a 
certain  term,  beyond  which  they  become  constant.  Thus,  in  the 
normal  paraffins,  CnH2n+2,  the  differences  decrease  regularly  by 
about  4°  till  a  constant  difference  of  19°  is  attained;  thus: 


*  Normal  carlDon-compounds  are  those  in  which  all  the  carhon-atoms  are 
linked  together  in  a  single  chain,  e.g.,  normal  butyl  alcohol,  CHg— CHa— 
CHj — CHjOH.   (See  Hydrocarbons,  Alcouois,  &c.) 
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Butane, 

Pentane, 

Hexane, 

Heptane, 

Octane, 

Dodecane, 

Hexdecane, 


9.4H10 
12 


C,H 


10 


C7H 

^12-^20 
C10H34 


Boiling  Point. 
1° 
38° 
70° 
99° 
124° 
202° 
278° 


Difference. 

37° 
32° 
29° 
25° 
4x19° 
4x19° 


In  the  haloid  ethers  and  acetic  ethers  of  the  alcohol-radicles, 
CnH2n+i,  the  differences  of  boiling  point  decrease  by  about  2°,  as 
shown  in  the  following  table : — 


Eadicles. 

Chlorides, 
C„Ho„+,Ci: 

Bromides, 
C„H2„+iBr. 

Iodides, 
CnH2„+]I. 

Acetates, 

C.H2.+i.C2H30j. 

Methyl, 

40° 

Ethyl, 

C2H6 

12-5'' 

39° 

72° 

74° 

Propyl, 

C3H7 

4:6-4° 

71° 

102° 

102° 

Butyl, 

C4H9 

77-6" 

100-4° 

129-6° 

125-1° 

Pentyl, 

C5H11 

105-6° 

128-7° 

153-4° 

148-4° 

Hexyl, 

179-4° 

168-7° 

Octyl, 

180° 

199° 

221° 

207° 

Metameric  compounds  containing  similarly  constituted 
radicles  boil  for  the  most  part  at  nearly  equal  temperatures,  e.g., 


Formula,  CoHi.,Oo.   BoUing  Point. 
Butyl  acetate,  124-5° 
Propyl  propionate,  122-4° 
Ethyl  butyrate,  121-6° 


Formula,  C7H14O2.     Boiling  Point. 
Pentyl  acetate,  148-4° 
Butyl  propionate,  146-0° 
Propyl  butyrate,  143-4° 


Those,  on  the  other  hand,  which  contain  differently  constituted 
radicles,  boil  at  different  temperatures,  the  boiling  point  being  lower 
as  the  compound  has  a  more  complex  constitution,  or,  in  other 
words,  as  it  contains  a  greater  number  and  variety  of  radicles:  in 
the  butyl  alcohols,  for  example: 


Normal  butyl  alcohol, 
Isobutyl  alcohol, 
Secondary  butyl  alcohol. 
Tertiary  butyl  alcohol, 


C2H3(CH3)2.0H 

(CH3)(C2H5)CH.OH 

C(CH3)3.0H 


Boiling  Point. 
116° 

108° 

96° 

92° 


Subtraction  of  hydi-ogen  generally  raises  the  boiling  point,  e.g.. 


Heptane,  C7H1Q 
99° 


Heptene,  CyH^^ 
100° 


Heptine,  C^Hj^, 
107° 


REFRACTIVE  POWER. 
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Hydrocarbons  always  boil  at  lower  temperatures  than  their  sub- 
stitution-derivatives, the  boiling  point  rising  in  proportion  as  a 
greater  amount  of  hydrogen  is  displaced. 

Ethyl  chloride,  C2H5CI 
12° 


O 

ai 


C  00 
N 


Ethyl  alcohol,  C^Hs-OH 
78-4'' 

Acetic  acid,  C2H3O.OH 
118° 


Ethene  chloride,  C2H4CI2 
82-6° 

Ethene  alcohol,  C2H4(OH)2 
197-5° 

Chloracetic  acid,  C2H2CIO.OH 
186° 


Chlorobenzene, 
CeH^Cl 
135° 


Dichlorobenzene, 
C„H,Cl2 
172° 


Trichlorobenzene, 
C0H3CI3 
210° 


Amidobenzene,  CqH5(NH2) 
182° 


Diamidobenzene,  CflH4(NH2)2 
287° 


OPTICAL  PROPERTIES. 

Refractive  Power.— In  the  chapter  on  Light  (i.  72)  it  has  been 
explained  that  the  index  of  refraction  of  any  transparent  substance, 
that  is  to  say,  the  ratio  of  the  sine  of  the  angle  of  incidence  to  the 
sine  of  the  angle  of  refraction,  is  a  constant  quantity,  so  long  as  the 
density  of  the  substance  remains  constant : — 


sin  r 

With  variation  of  density  {d),  and  therefore  also  with  variation  of 
temperature,  the  index  of  refraction  likewise  varies;  but  it  has  been 
found,  by  exact  observation  made  on  a  large  number  of  substances 
at  different  temperatures,  that  the  quantity 

»  — 1, 

IT 

called  the  specific  refractive  energy,  is  constant  for  all  tem- 
peratures ;  and  this  quantity  multiplied  by  the  molecular  weight 
of  the  substance,  gives  the  molecular  refractive  energy  or 
refraction -equivalent. 

The  relations  between  chemical  composition  and  refractive  energy 
have  been  studied  chiefly  in  bodies  of  the  fatty  group  (methane- 
derivatives),  and  the  following  general  laws  have  been  established : — 

1.  Isomeric  bodies  have  in  many  instances  equal  refraction- 
equivalents. 

2.  In  compounds  belonging  to  the  same  homologous  series,  the 
refraction-equivalent  increases,  in  all  cases,  for  a  difference  of  CHj,  by 
a  nearly  equal  amount ;  the  mean  increment  in  the  fatty  alcohols  and 
acids,  &c.,  being  7'60. 

3.  Tlie  refraction-equivalent  of  a  mixture  or  compound  is  equal  to  the 
sum  of  the  refraction-equivalents  of  its  components. 
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This  last  law  gives  the  means  of  determining  the  refraction- 
equivalents  of  elements  from  those  of  their  compounds,  the  method 
of  calculation  being  similar  to  that  adopted  in  the  determmation  of 
the  specific  volumes  of  the  elements  (p.  32).  In  the  homologous  fatty 
alcohols  and  acids,  the  mean  values  of  the  refraction-equivalents  of 
carbon,  hydrogen,  and  oxygen  are  found  to  be — 

OHO 
5-00  1-30  3-00 

By  means  of  these  values  the  refraction-equivalent  of  a  comj.ound 
of  carbon,  hydrogen,  and  oxygen,  may  be  calculated  from  the 
formula 

R    =    mr    +    mV    +  mV, 
where  m,  in',  m",  denote  the  numbers  of  atoms  of  the  three  elements, 
and  r,     r",  their  refraction-equivalents. 

Thus,  for  etjhyl-alcohol,  C^fi,  the  calculated  value  is 

2x5    +    6x1-3    +    3    =  20-8. 

On  the  other  hand,  direct  observation  giv^es 

d    =    0-7964  ;    n  =  1-3606 :  therefore  """r =  0-4526; 

d 

and  multiplying  this  number  by  46,  the  molecular  weight  of  alcohol, 
we  obtain  for  the  refraction-equivalent  the  number  20-8,  agreeing 
exactly  with  the  calculated  value. 

In  Like  manner  for  acetic  acid,  CgH^Og,  we  have 

2x5    -H    4x1-3    +    2x3    =  21-2, 
and  for  the  direct  determination — 

d    =    1-053 ;    11    =    1-372  ;     mol.  wt.    =  60. 

Therefore—    '^izi  x  60    =    0-3533  x  60    =  21-2. 
d 

The  specific  retractive  energy  of  a  mixture  is  the  mean  of  that  of 
its  constituents,  so  that  if  we  know  what  compoimds  are  present  in 
a  mixture,  the  determination  of  the  specific  refractive  energy  of  the 
mixture  (those  of  the  components  being  known)  aifords  the  means 
of  estimating  the  quantity  of  each.  For  example,  a  mixture  of  81-3 
per  cent,  amyl  alcohol,  C5H12O,  and  18-7  ethyl  alcohol,  CjHgO,  was 

found  to  have  an  index  of  refraction  which  gave  ^~     =  0-4940. 

Now  the  mode  of  calculation  above  explained  gives  for  ethyl  alcohol 

'"^^  =  0-4528,  and  for  amyl  alcohol,  0-5033.    Hence,  putting  x 

and  y  for  the  relative  quantities  of  ethyl  and  amyl  alcohols  in  the 
mixture,  we  have  the  two  equations — 

X    +    y    =  \00 
0-4528  X    +    0-5033  y    =    49-4  : 
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whence  x  =  18'4  ;y  =  81-5,  values  agreeing  very  nearly  with  the 
quantities  actually  mixed. 

This  method  of  optical  analysis  affords  a  convenient  method  of 
determining  the  proportions  in  wliich  any  two  substances  are  mixed, 
in  cases  when  a  separation  of  the  two  cannot  easily  be  effected  by 
chemical  or  physical  means,  as  when  they  differ  but  slightly  in 
boiling  point,  solubility,  or  other  quality  which  might  otherwise  be 
available  for  their  separation. 

The  composition  of  chemical  compounds  may,  in  many  eases,  be 
determined  in  a  similar  manner. 

In  certain  series  of  carbon-compounds,  viz.,  the  hydrocarbons  of 
the  aromatic  group,  including  benzene,  CgHe,  and  its  homologues,— 
in  the  series  of  organic  bases  homologous  with  pyridine,  C5H5N, 
and  chinoline,  C9H7N,— and  in  certain  oxidised  essential  oils,  the 
refraction-equivalents  are  found  to  be  considerably  higher  than 
those  calculated  as  above  from  the  values  of  the  elements.  The 
deviations  from  the  normal  values  exhibit  a  certain  regularity, 
depending  on  the  composition,  which,  for  the  typical  hydrocarbons 
of  the  several  series,  may  be  represented  as  follows  : 

Refraction-equivaleut. 

Paraffins,              CnH2n+2  Normal 

Olefines,             CnHan  „ 

Terpenes,             C  Han-*  5,  +3 

Benzene  and  its  "l  p,  tt  ,  r 

homologues,    j    "   ^"  " 

Naphthalene,        Cj^Hg  „  +14 

Anthracene,          C^^Hiq  »  +17 

Similar  relations  are  exhibited  by  a  series  of  oxidised  compoimds, 
differing  from  one  another  only  in  their  amount  of  hydrogen: 

Peppermint  camphor,    CjgHjoO  Normal 

Dihydrateof  cajputene,  CioHjgO  „ 

Wormwood  oil,            CioH^gO  „  +1 

Carvol,                       C10H14O  „  +6 

Anethol,  „  +13 

Circtilar  Polarisation. — The  power  of  turning  the  plane  of 
polarisation  of  a  ray  of  light  to  the  right  or  to  the  left,  possessed  by 
many  carbon-compounds,  even  in  the  liquid  state  or  in  solution, 
has  already  been  mentioned  in  the  chapter  on  Light  (i.  83),  which 
also  contains  a  description  and  figure  of  an  instrument  used  for 
measuring  the  amount  of  this  power.  Substances  possessing  this 
power  are  .said  to  be  optically  active,  or  to  possess  optical 
rotatory  power,  dextro-  or  Isevo- ;  such  are  amyl  alcohol,  tur- 
pentine oil,  camphor,  various  kinds  of  sugar,  and  several  vegetable 
acids  and  alkaloids. 

The  angle  of  rotation  («)  for  any  particular  ray  of  the  spectrum 
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the  line  D,  for  example— produced  by  any  particular  liquid,  is 
proportional  to  the  length  of  the  column  of  liquid  traversed  by  the 
ray,  and  to  the  quantity  of  active  substance  contamed  m  it ;  and 
the  quantity  [«],  given  by  the  expression 

a 

W  =  isi' 

in  which  «  is  the  observed  angle  of  rotation,  i  the  weight  of  sub- 
stance in  1  gram  of  the  solution,  B  the  specific  gravity  of  the  solu- 
tion, and  I  the  length  of  the  colmnn  (in  decimeters),  is  called  the 
specific  rotatory  power.  It  is  constant  for  each  substance  at 
a  given  temperature. 

For  example,  by  dissolving  11-347  grams  of  grape-sugar  in  88-653 
grams  of  water,  a  solution  is  obtained,  having  a  specific  gravity  of 
1-048,  and  producing  in  a  tube  2  decimeters  long,  a  rotation  of  13-7  . 
Hence  the  molecular  rotatory  power  of  grape-sugar  is  given  by  the 
equation, 

13-7 

W  =  0-11347  X  2  X  1-048  " 

The  power  of  circular  polarisation  appears  to  depend  on  a  certain 
want  of  symmetry  in  the  molecules  of  the  active  substance,  and  in 
crystallised  bodies  it  is  usually  associated  with  the  existence  of 
hemihedral  faces.  This  connection  is  strikiugly  exhibited  by  the 
isomeric  bodies,  tartaric  and  racemic  acid,  C4HgOg.  Eacemic  acid, 
the  crystals  of  which  are  holohedral,  has  no  action  or  polarised 
light ;  but  by  certain  processes  to  be  explarued  hereafter  (see  Tar- 
taric Acid),  it  may  be  separated  into  two  isomeric  acids,  called 
dextro-  and.  lievo-tartaric  acids,  the  former  of  which  (ordinary  tar- 
taric acid)  turns  the  plane  of  polarisation  to  the  right,  the  latter  to 
the  left ;  and  the  crystals  of  these  acids  are  perfectly  similar  in 
form,  excepting  that  they  possess  certain  hemihedral  faces,  occupying 
opposite  positions  on  the  crystal,  so  that  the  two  crystals  are  not 
superposible,  but  are  related  to  one  another  like  the  two  hands,  or 
the  two  sides  of  the  face,  or  an  object  and  its  reflected  image. 
Moreover,  the  union  of  the  these  two  oppositely  active  tartaric  acids 
reproduces  racemic  acid  with  its  original  properties,  optically 
inactive,  and  forming  holohedral  crystals. 

Artificially  prepared  carbon-compounds  are,  for  the  most  part, 
active  or  inactive,  according  to  the  character  of  the  compounds  from 
which  they  are  derived.  Thus  malic  acid,  prepared  by  the  action 
of  hydriodic  acid  on  tartaric  acid,  or  by  that  of  nitrous  acid  on 
asparagin  or  on  optically  active  aspartic  acid,  is  itself  optically 
active,  like  the  malic  acid  of  fruits ;  but  inactive  aspartic  acid  heated 
with  nitrous  acid,  yields  a  malic  acid  which  has  no  action  on 
polarised  light.  Eecently,  however,  it  has  been  found  that  inactive 
tartaric  acid  may  be  converted  by  a  strong  heat  into  dextro-tartaric 
acid. 


PARAFFINS. 
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Methane-Derivatives,  or  Fatty  Group. 

HYDROCARBONS. 

FmsT  Series,  CnH2n  +  2.— Pakaffins* 

This  series,  as  already  observed,  consists  of  saturated  hydrocarbons. 
The  names  and  formiilEe  of  the  first  six  are  given  in  the  table  on 
page  22  ;  the  following  terms  may  be  called,  heptane,  octane,  nonane, 
decane,  endecane,  dodecane,  &c. 

Occurrence  and  Formation. — Many  of  the  parafiins  occur  ready- 
formed  in  American  petroleum  and  other  mineral  oils  of  similar 
origin.    They  are  formed  artificially  by  the  following  processes  : 

1.  By  the  simultaneous  action  of  zinc  and  water  on  the  alcoholic 
iodides  (p.  24),  compounds  derived  from  these  same  hydrocarbons 
by  the  substitution  of  one  atom  of  iodine  for  hydrogen. 

This  reaction,  which  appears  to  be  applicable  to  the  formation 
of  the  whole  series  of  paraffins,  is  represented  by  the  general 
equation  : 

2CnH2n+iI  +  Zug  +  2H2O  =  ZnHgOa  +  Znia  +  2CnH2n+2 
AlcohoUc  ParaflBn. 
iodide. 

As  an  example,  we  may  take  the  formation  of  ethane  from  ethyl 
iodide : 

2C2H5I  +  Zn2  +  2H2O  =  ZnHgOz  4-  Znl2  +  2C2H6. 

2.  All  the  paraffins  may  be  produced  by  heating  the  alcoholic 
iodides  with  zinc  alone.  Generally  speaking,  however,  two  of  these 
hydrocarbons  are  obtained  together,  the  first  product  of  the  reaction 
being  a  paraffin  containing  twice  as  many  carbon-atoms  as  the 
alcoholic  iodide  employed;  and  this  compound  being  then  partly 
resolved  into  the  paraffin  containing  half  this  number  of  carbon- 
atoms,  and  the  corresponding  olefine,  CnH2n  ;  thus  : 

2C2H5I    +    Zn    =    Znlj    +  C4H10 

Ethyl  iodide.  Quartane. 

and  C.Hio  =    CgH,    -1-  C2H0 

Quartane.  Etliene.  Etliane. 

*  From  pwmm  affinis,  indicating  their  chemical  indifference.  The  name 
paraffin  has  long  been  applied  to  the  solid  compounds  of  the  series,  on 
account  of  this  character ;  and  many  of  the  liquid  compounds  of  the  same 
series  are  known  commercially  as  paraffln  oils.  It  is  convenient,  therefore, 
to  employ  the  term  paraffin  as  a  generic' name  for  the  whole  series. 
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Generally  : 

2CnH2n+lI     +     Zn     =     Znlg     +  C2nH4n+2 
and,  C2nH4n+2  =    CnH2n  +     CnH2n+2 . 

3.  By  the  electrolysis  of  the  fatty  acids  (CiiH2n02).  For  example, 
a  solution  of  potassium  acetate,  divided  into  two  parts  by  a  porous 
diaphragm,  yields  pure  hydrogen,  together  with  potash,  at  the 
negative  electrode,  and  at  the  positive  electrode  (if  of  platinum)  a 
mixture  of  carbon  dioxide  and  ethane  gases  : 

2C2H^02    =    2CO2    +    C2H8    +  H2. 

We  may  suppose  that  the  two  molecules  of  acetic  acid  are  resolved 
by  the  current  into  and  C4H6O4,  and  that  the  latter  then  splits 
up  into  2C0.J  and  CjHe-    The  general  reaction  is  : 

2CnH2n02     =     2CO2     +     C2n-2H4n-2  +  . 

4.  Some  of  the  paraffins  are  obtained  from  the  acids  of  the  series 
CnH2ii02  and  CnH2n— 2O4,  by  the  action  of  alkalis,  wMch  abstract 
carbon  dioxide  from  those  acids,  the  hydrocarbon  thus  eliminated 
containing  one  or  two  atoms  of  carbon  less  than  the  acid  from  which 
it  is  produced.  In  this  manner  methane  (marsh  gas)  is  obtained 
by  heating  potassium  acetate  with  potassium  hydroxide  (i.  172). 

C2H3O2K    +    HKO    =    CO3K2  + 

Also  hexane  and  octane,  by  similar  treatment  of  the  potassium 
salts  of  suberic  acid,  C8Hj404,  and  sebacic  acid,  C10H18O4  : 


C8H12O4K2    +    2HK0    =    2CO3K2    +  CbHi4 

Suberate.  Hexane. 

C10H10O4K2    +    2HK0    =    2CO3K2    +  CgSis 

Sebate.  Octane. 

Generally  speaking,  however,  a  further  decomposition  takes  place, 
resulting  in  the  formation  of  hydrocarbons  containing  a  smaller 
proportion  of  hydrogen  than  the  paraffins. 

5.  The  paraffins  may  also  be  produced  from  the  olefines,  CnH2n, 
by  combining  the  latter  with  bromine,  and  heating  the  resulting 
compound,  CnH2nBr2,  with  a  mixture  of  potassium  iodide,  water, 
and  metallic  copper.  The  bromine-compound  is  then  decomposed, 
and  the  hydi-ocarbon,  CnHon,  is  partly  reproduced  in  the  free  state, 
partly  converted,  by  addition  of  hydrogen,  into  a  paraffin. 

6.  Several  of  the  paraffins  are  produced  by  the  diy  or  destructive 
distillation  of  butyrates  and  acetates. 

7.  They  are  also  found  amongst  the  products  of  the  dry  dis- 
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tillation  of  coal,  especially  Boghead  and  Cannel  coal,  and,  as  already 
observed,  they  constitute  the  principal  portion  of  many  mineral  oils, 
caUed  petroleum,  naphtha,  or  rock-oil,  formed  by  the  gradual  decay  or 
decomposition  of  vegetable  matter  beneath  the  earth's  surface.  By 
far  the  largest  quantities  of  these  oils  are  obtained  from  Canada, 
Pennsylvama,  and  other  parts  of  North  America.  Abundant  petro- 
leum springs  exist,  also,  on  the  north-west  of  the  Caspian  Sea,  near 
Baku,  at  Rangoon  in  Burmah,  and  in  various  parts  of  Italy,  ihe 
American  petroleum  consists  almost  wholly  of  paraffins.  Burmese 
tai-  contains,  also,  small  quantities  of  hydrocarbons  belonging  to 
other  series,  especially  homologues  of  benzene. 

Properties  and  Reactions  of  the  Paraffins.— Methane,  ethane,  pro- 
pane, and  butane  are  gaseous  at  ordinary  temperatures  ;  most  oi 
the  others  are  liquids,  regularly  increasing  in  specific  gravity, 
viscidity,  boiling  point,  and  vapour- density,  as  their  molecular 
weight  becomes  greater  ;  those  containing  20  carbon-atoms  or  more 
are  crystalline  solids. 

The  paraf&ns  are  saturated  hydrocarbons,  mcapable  ot  uniting 
directly  with  monatomic  elements  or  radicles,  but  they  easHy  yield 
substitution-derivatives.  When  subjected  to  the  action  of  chlorine 
or  bromine,  they  give  up  a  part,  or  in  some  cases  the  whole,  ol 
their  hydrogen  in  exchange  for  the  halogen  element.  Thus  equal 
volumes  of  chlorine  and  methane,  CH^,  exposed  to  diffused 
daylight,  yield  the  compound  CH3CI,  called  chloromethane 
or  methyl  chloride  ;  and,  by  further  subjecting  this  product 
to  the  action  of  an  excess  of  chlorhie  in  direct  sunshine,  it  may 
be  successively  converted  into  the  more  highly  chlorinated  com- 
pounds CH,Cl2,  CHCI3,  CCl,.  Ethane,  CoHg,  also  yields,  by  a 
series  of  processes  to  be  presently  described,  the  products  C2H5CI, 
G,B,C\„  C2H3CI3,  C^H^Cl,,  C2HCI5,  and  C^Cle ;  ancl  similarly 
for  the  other  compounds  of  the  series.  These  bodies,  whicb 
may  be  regarded  as  compounds  of  chlorine  and  other  halogen 
elements  with  the  radicles  (CH3)',  (CHj)",  (CH)'",  &c.,  are  caUed 
haloid  ethers.  When  treated  with  water  or  aqueous  alkalis,  they 
exchange  the  haloid  element  for  an  equivalent  quantity  of  hydroxyl, 
(HO),  thereby  producing  alcohols  (p.  25)  ;  and,  on  the  other  hand, 
they  may  be  formed  from  the  alcohols  by  the  action  of  the  chlorides, 
bromides,  and  iodides  of  hydrogen  or  phosphorus. 

Nitric  acid  attacks  the  higher  members  of  the  paraffin  series, 
forming  nitro-compounds ;  octane,  CgHig,  thus  treated,  yields 
the  compound,  CgHi^fNOj).  The  lower  paraffins,  on  the  other 
hand,  are  not  affected  by  nitric  acid  ;  but  by  indirect  means 
compounds  may  be  formed,  having  the  composition  of  parafiins 
in  which  the  hydrogen  is  more  or  less  replaced  by  nitryl  :  lor 
example,  nitro-methane,  CHoCNOg) ;  trinitromethane  or  nitroform, 
CH(N0^3. 

The  first  three  hydrocarbons  of  the  series,  viz.,  CH4,  CjHj,  CgHg, 
exhibit  exactly  the  same  physical  and  chemical  properties  in  what- 
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evev  way  they  may  be  prepared ;  and  indeed  the  constitutional 
formulae  of  these  bodies,  viz. 


CH3 


CH3 


CH,  I  CH^ 


CH, 


il 


2 


3 


show  that  they  are  not  susceptible  of  isomeric  modifications,  inas- 
much as  there  is  hut  one  way  in  which  the  carbon-atom  in  either 
of  them  can  be  grouped ;  in  ethane  each  carbon-atom  is  directly 
combined  with  three  hydrogen-atoms  and  the  other  carbon-atom ; 
and  whether  we  regard  it  as  ethyl  hydride,  H — CH2CH3,  or  as 
dimethyl,  H.^C — CH3,  this  arrangement  remains  the  same.  In 
propane,  CjHg,  each  carbon-atom  is  directly  comljined  with  at  most 
two  other  carbon-atoms,  and  there  is  no  other  way  in  which  the 
atoms  can  be  arranged. 

But  if  we  look  at  the  formula  of  the  4-carbon  parafiin,  C4H^q,  we 
see  that  it  may  be  written  in  either  of  the  following  forms  : 

CH3  H3C  CH3 

V 


CH 

^2  CH3 


CH3 


in  the  first  of  which,  neither  of  the  carbon  atoms  is  directly  united 
Avith  more  than  two  others,  whereas,  in  the  second,  one  of  the  car- 
bon-atoms is  directly  combined  with  three  others.     The  first  may 

be  represented,  either  as  proprjl  -  methane,  C  |  CH2CH2CH2  ^ 
^  {  CH2C2H5  ^  Q  j  C^H,^  ^.^^j^^^^^  H,C2.C2H„'  according  to 

the  manner  in  which  we  may  suppose  it  to  be  divided;  the 
second  as  trimethyl  -  methane,  C  |  ^^3)3^  or  as  isopropyl-metliane, 
g  I  CH(CH3)2^  ^j^g  radicle  CH(CH3)2  being  caUed  isopropyl,  to 
distinguish  it  from  normal  propyl,  CH2(C2H5). 

A  comparison  of  the  modes  of  formation  and  decomposition  of  all 
the  paraflins  which  have  been  obtained  by  definite  reactions  shows 
that  they  may  be  arranged  in  the  four  following  groups  :  * 

1.  Normal  Paraffins,  in  which  each  carbon-atom  is  directly 
connected  with,  at  most,  t^oo  other  carbon-atoms,  or  which  contain 
the  group  or  residue  CHg  (methene),  associated  with  two  monatomic 
alcohol-radicles,  CnH2n-M,  e.g., 

*  Schorlemmer,  Proceediugs  of  the  Eoyal  Society,  xvi.  34,  367, 
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,  CH3  /CH3 
Dimethyl-metliane,         C  ]  CH3    or  H2C<^ 

,  CaHy  CH2CH2CH3 
Methyl-propyl  methane,  C  j  C  H-*  or  U^C^ 

'     H2  '-'■f-s 

2  Isoparaffinsi  in  which  one  carbon-atom  is  directly  united 
with  three  other  carbon-atoms,  or  in  which  the  trivalent  group  or 
residue,  CH  (methenyl)  is  associated  with  thi-ee  monatomic  radicles, 
CuH2n+i,  e.g., 

CH 

Trimethyl-methane,,  Cj^^g^^^    or  HC^CHs 

,  C2H,  /CH2CH3 
Ethyldimethyl-methane,      C  {  (CH3)2    or  HC^Cga 

3.  Neoparaffins,  in  which  one  carbon-atom  is  directly  united 
with/ottr  other  carbon-atoms,  or,  in  other  words,  with  four  monatonuc 
radicles,  CnH2n+i,  e.g., 

Tetramethyl-methane,         C(CH3)4     or  H3C— C— OH3 

CH3 
CH2CH3 

Dimethyl-diethyl-methane,  C  |  or  H3C— C— CH3 

(CH3)2  iH2CH3 

The  paraffins  of  these  three  classes  are  constructed  on  the  methane 
type.  .  . 

'4.  Mesoparaffins,  in  which  two  methenyl  groups,  having  their 
carbon-atoms  linked  together  by  one  combining  unit,  are  each  asso- 
ciated with  two  monatomic  radicles,  CnH2n+i-    These  paraffins  are, 

HCH2 

therefore,  constructed  on  the  ethane  type,     |    ,  e.g.: 

HCH2 

HC(CH3)2 

Tetramethylethane,      .      .  | 

HC(CH3)2- 

The  paraffins  of  the  first  and  second  class  have  for  some  time  been 
distinguished  as  normal  and  iso-paraffins,  and  Dr.  Odling  has  lately 
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proposed  to  distinguish  the  third  class  by  the  prefix  neo  (from  no;, 
new,  as  being  the  latest  discovered),  and  the  fourth  by  the  prefix  rtveso, 
intimating  theii-  intermediate  character,  as  associated  with  the  iso- 
paraflias  in  containing  the  residue  CH,  and  with  the  neoparaffins 
in  containing  four  alcohol-radicles.*  He  also  suggests  an  abbreviated 
notation,  consisting  in  the  use  of  the  Greek  letters  <j,  v,  and  [a,  as  in- 
dices of  the  iso-,  neo-,  and  meso-paraffins  respectively,  for  example  : 

Hexane.  Isohexane.  Neohexane.  he^xane 

Isomerism  in  the  Substitution-derivatives  of  the  Paraffins. — It  has 
already  been  stated  that  the  paraffins  can  exchange  one  or  more  of 
tlieir  hydrogen-atoms  for  various  elements  and  compound  radicles, 
CI,  Br,  0,  OH,  NO2,  &c.,  giving  rise  to  alcohols  and  ethers.  Confining 
our  attention  for  the  present  to  the  monatomic  derivatives,  that  is  to 
say,  those  in  which  1  atom  of  hydrogen  is  replaced  by  a  univalent 
radicle  X,  it  is  obvious  that  the  first  two  hydrocarbons  of  the  series 
CH3 

CnH2n+2,  viz.,  CH4  and  |      ,  can  each  give  rise  to  only  one  deriva- 
CH3 

tive  containing  any  particular  monatomic  radicle,  these  derivatives 
being  respectively  represented  by  the  formulae — 


CH3X  and 


CH3 
I 

CH,X 


for  supposing,  as  is  most  probable,  that  all  the  hydrogen-atoms  have 
the  same  value,  and  are  attached  to  tlieir  respective  carbon-atoms  in 
the  same  way,  the  result  of  the  substitution  must  be  the  same,  wliich- 
ever  of  these  hydrogen- atoms  may  be  thus  replaced.  But  with  all  the 
paraffins  containing  more  than  two  atoms  of  carbon,  the  case  is  dif- 
ferent. Thus,  in  propane,  CHg— CHg— CH3,  the  substitution  may 
take  place  either  in  one  of  the  exterior  groups  CH3,  or  iu  the  middle 
group  CHj,  giving  rise  to  two  derivatives  of  different  structure, 
distinguished  by  the  terms  primary  and  secondary,  viz., 

Primary.  Secondary. 

CH,X  CH, 


CH2  inx 
CH3  ing 

*  Philosophical  Magazine  [5],  i.  205. 
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In  the  primcory  derivative,  the  carbon-atom  joined  to  the  radicle 
X  is  connected  immediately  with  only  one  other  carbon-atom ;  m 
Ihe  secondary  derivative,  it  is  linked  to  two  other  carbon-atoms. 
These  ai-e  the  only  possible  modifications  of  a  monatomic  derivative 
of  the  3-carbon  paraffin  CsHg ;  they  may  be  more  shortly  represented 

by  the  formulse  „ 
^  /CH^X  /CH3 

H,C<  HXC< 

The  4-carbon  parafBn,  butane,  admits  of  a  greater  number  of  modes 
of  substitution.  In  the  first  place,  the  hydrocarbon  itseH  is  suscep- 
tible of  two  modifications,  viz., 

CH3-CH2-CH2-CH3  CH3-CH<^^^' 

Normal  butane.  ^  Isobutane  or 

Trimethyl-methane. 

From  the  first  may  be  formed  one  primary  and  one  secondary  deri- 
vative, these  terms  having  the  meaning  above  explained;  while  the 
second  yields  another  primary  derivative,  and  Ukewise  a  terhary 
derivative,  in  which  the  carbon-atom  joined  to  the  radicle  X  is 
joined  also  to  three  other  atoms  of  carbon.  These  four  derivatives 
are  represented  by  the  following  formulaj : — 

f  Normal  CH3-CH2-CH2-CH2X   or  IL^C^^^^^ 
^^-^'llso-       i3>CH-CH2X  or    HC  { [^^^ 


CH3 


Secondary,  CH3-CHX-CH2-CH3     or  HXC  j 

Tertiary,  g3^>CX-CH3  or    XC  CH3 

The  two  primary  derivatives  are  distinguished  by  containing 
the  radicles  normal  propyl,  CH3— CHg— CH2—  and  isopropyl 
— CH(CH3)2  respectively. 

Of  the  four  monatomic  butane  derivatives,  the  normal  primary 
and  the  secondary  are  derived  from  normal  butane,  the  iso-primary 
and  the  tertiary  from  isobutane. 

The  higher  paraffins  yield  a  larger  number  of  monatomic  deriva- 
tives according  to  the  nature  of  the  radicles  which  enter  mto  their 
constitution ;  in  other  words,  according  as  they  are  either  normal, 
i.e.,  have  all  their  carbon-atoms  in  a  single  chain,  or  contain  one  or 

more  isopropyl  groups,  HC<^2'' '  ^ut  these  derivatives  must  all 
be  either  primary,  secondary,  or  tertiary;  for  the  carbon-atom 
joined  to  the  radicle  X,  having  one  of  its  combining  units  thus  dis- 
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posed  of,  has  only  three  remaining,  and  cannot  therefore  be  joined 
to  a  number  of  other  carbon-atoms  greater  than  three.  In  other 
words,  the  replacement  of  an  H-atom  by  the  radicle  X  must  take 
place  either  in  a  methyl  residue,  CH3  a  methene  residue,  CHg,  or  a 
methenyl  residue  CH,  producing  respectively  a  primary,  seeondaiy, 
or  tertiary  derivative. 

Dr.  Odling  denotes  the  secondary  and  tertiary  derivatives  by  the 
prefixes  pseudo  and  Jccota,  distinguishing  also  the  latter  by  the  index 
K,  and  the  former  by  the  indices  tt  and  according  as  they 
contain  a  normal  or  an  iso-radicle,  thus — 

Pentyl  (C5H,,).         Isopentyl  (CsHjJ).         Neopentyl  (CsHu)- 


C,H,X 


CH,X 


Primary,     H,C{g3HoX  {  ck/  C  g| 


(ci; 

Pseudopentyl  (C^H^).  Pseud  isopentyl  (CjH^). 

CHX.CH 


Pseudo,     XHClSsif^  HcjcHj 


3 

3 


Rata,    .      .  XC  CH3 


Katapentyl  (CjHjj ). 

CH, 
CH, 


We  now  proceed  to  describe  the  more  important  of  the  individual 
paraflins. 

Methane,  CH^,  also  called  Methyl  hydnde  and  Marsh  gas,  is 
formed  by  passing  a  mixture  of  hydrogen  sulphide  and  vapom-  of 
carbon  disulphide  over  red-hot  copper  : — 

2H2S  +  CS2  +  4Cu2  =  CH4  +  4CU2S; 
also  by  the  action  of  water  on  zinc-methyl : — 

Zn(CH3)2  +  H2O  =  2CH^  +  ZnO. 
The  easiest  method  of  preparing  it,  however,  ia  to  heat  a  mixtm-e 
/of  dry  sodium  acetate  and  soda-lime  (i.  172) : — 
CH3  H  . 

I  +  >0     =    CH^     -J-  COgNaa"^. 

C02Na  Na^ 
Methane  is  also  produced  in  the  slow  decay  of  vegetable  sub- 
stances, and  is  found  in  coal  mines  as  fii-e-damp,  also  in  marshes  and 
stagnant  pools,  from  which  it  may  be  evolved  as  gas  by  stirring  the 
mud.  Lastly,  it  is  formed  by  the  di-y  distillation  of  vai-ious  organic 
substances,  and  forms  the  chief  constituent  of  coal-gas. 

Methane  is  a  colourless  inodorous  gas  which  burns  with  a  yellow 
flame,  producing  water  and  carbon  dioxide.    Its  density  compai'ed 
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with  hvclro<Ten  as  unity  is  8,  showing  that  the  molecule  CH^  has 

12 +  4x1 

the  normal  2- volume  comlensation,   =  8.   When  a  mixture 

of  etjual  volumes  of  methane  and  chlorine  is  exposed  to  sunshine, 
an  explosion  takes  place,  hydrogen  chloride  being  formed,  and 
carbon  separated ;  but  ia  diffused  daylight  the  action  goes  on 
slowly,  and  substitution-products  are  formed,  viz.,  monochloro- 
methane  or  methyl  chloride,  CH3CI,  and  with  excess  of  chlorine, 
aLso  the  compounds,  CHgClg  and  CHCI3. 

EthanejCaHeorHjC— CH3.— This  compound,wliichmayalsobe 
regarded  as  dimethyl,  or  as  ethyl  hydride,  CgHg.H  (p.  42),  is  formed 
by  the  general  reactions  already  radicated  (p.  39),  viz.,  by  the 
action  of  ziuc  and  water  on  ethyl  iodide ;  of  zinc  alone  on  the  sanie 
compound,  and  on  methyl  iodide ;  and  by  the  electrolysis  of  _  acetic 
acid,  or  rather  of  its  potassium  salt.  It  may  be  prepared  in  the 
pure  state  by  decomposing  zinc-ethyl  with  water,  or  more  easily  by 
heating  acetic  anhydride  with  barium  dioxide  : — 

2(C2H30)20  +  BaOa  =  CaHg  +  (C2H302)2Ba  -I-  2CO2. 
Ethane  is  a  colourless  and  inodorous  gas  which  has  not  been 
liquefied.  It  is  nearly  insoluble  in  water,  soluble  ia  about  twO- 
thirds  of  its  volume  of  alcohol.  Mixed  with  an  equal  volume  of 
chlorme,  and  exposed  to  diffused  daylight,  it  forms  chlorethane  or 
ethyl  chloride,  C2H5CI ;  with  excess  of  chlorine  higher  substitution- 
products  are  formed. 

Propane,  CgHg  =  CH3— CHg— CH3,  also  called  Methyl-ethyl, 
is  one  of  the  constituents  of  petroleum,  and  may  be  produced  by  the 
action  of  ziac  and  hydrochloric  acid  on  propyl  iodide  or  isopropyl 
iodide.  It  is  a  gas  which  Liquefies  at -20°,  and  dissolves  ia  one- 
sixth  of  its  volume  of  alcohol. 

Butanes,  C^Hig. — Of  these  compounds,  also  caUed  tetranes  or 
quartanes,  there  are  two  modifications,  viz. ; 

CH3— CH2— CH2— CH3  CH3— CH<(gg3 

Normal  Butane.  Isobutane  or  Mmethyl-methane. 

1.  Normal  Butane,  Diethyl,  or  Methyl-propyl,  occurs  in 
natirral  petroleum,  and  ia  the  distillation -products  of  Cannel  and 
Boghead  coal.  It  may  be  formed  synthetically  by  heating  ethyl 
iodide  to  100°  in  sealed  tubes  with  zinc : 

2C2H6I  +  Zn  =  Znig  + 
It  is  a  colourless  gas,  which  condenses  below  0°  to  a  liquid  boiling 
at  + 1.    Mixed  with  an  equal  volume  of  chlorine,  and  exposed  to 
light,  it  yields  butyl  chloride  and  other  substitution-products. 

Isobutane,  Trimethyl-methane,  or  Methyl-isopropyl,  is 
formed  from  tertiary  butyl  iodide,  (GH3)3CI  (p.  45),  b;^  |the  action 
of  zinc  and  hydrochloric  acid.    It  is  a  gas  which  liquefies  at  - 17°. 
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Pentanes,  CgH^.-Of  these  hydrocarbons  there  are  three 
modifications,  viz. : 

1.  Normal  Pentane,      .      CH3— CHg— CH2— CH2— CH3 

CH 

2.  Isopentane,      .      .      CH3 — CHj — CH<^qjj^ 


3 


3.  Neopentane,     .       .      H^C-^^  *^CH^ 


1.  Normal  Pentane,  ox  Ethyl-propyl,  CgHj — C3H5-,  occurs  in 
petroleum,  and  in  the  light  oils  of  Boghead  and  Cannel  coal,  but 
has  not  been  prepared  synthetically.  It  is  a  liquid  of  specific  gravity 
0"6,  and  boiling  at  37-39°.  On  passing  chlorine  into  its  vapour,  a 
primary  and  a  secondary  chloride  are  formed,  from  which,  by  a 
reaction  to  be  hereafter  described,  the  corresponding  alcohols  may 
be  prepared. 

2.  Isopentane  likewise  occurs  in  petroleum,  and  may  be  pre- 
j)ared  by  dehydration  of  isopentyl  alcohol  (ordinary  amyl  alcohol), 
or  by  heating  the  corresponding  iodide  with  water  and  zinc. 

3.  Neopentane,  or  Tetramethyl-methane,  is  formed  by  the 
action  of  zinc-methyl  on  tertiary  butyl  iodide  : 

2C(CH3)3l  +  Zn(CH3)2  =  Znl^  +  2C(CH3X 

It  is  a  colourless  mobile  liquid,  which  boils  at  9-5°,  and  solidifies  at 
—  20°  to  crystals  resembling  sal-ammoniac. 

Hexanes,  CgH^^. — Of  these  paraffins,  five  are  possible,  and  four 
are  known  : 

1.  Normal  Hexane,     .    CH3— CHg— CHg— CHg— CH2— CH3 

(  {cc  OH3-CH2-CH2-CH<^^3 

2.  Isohexane,      <  pirj  "-  3 

lifi)    CH3-CH<gg;zgg;  . 

3.  Neohexane,    .      .  h'c>G<CH^~^^^ 

3  3 

HC(CH3)2 
HC(CH3)2 

1.  Normal  Eexane,  or  Dipropyl,  occurs  in  the  light  oils  of 
Boghead  and  Cannel  coal,  and  abundantly  in  Pennsylvanian  petro- 
leum. It  is  formed  by  the  action  of  sodium  on  normal  propyl  iodide, 
or  by  that  of  zinc  and  hydrochloric  acid  on  secondary  hexyl  iodide  ; 
also  by  distOliag  su1)eric  acid  with  barium  oxide  : 

CsHi^O,  -I-  2BaO  =  2C03Ba  -l-  C^S.^^. 

It  has  a  density  of  0-63  at  17°,  and  boils  at  70-71°. 


4.  Mesohexane, 
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2  Isohexane,Propyl-dimetMjl-methane,  or  Ethijl-isohutyl, 
is  ibnned  Ly  the  action  of  sodium  on  a  niixtiu-e  of  ethyl  iodide  and 
isobutyl  iodide,  CH2I— CH(CH3)2.  It  has  a  density  of  0702  at  0°, 
and  boils  at  62°. 

3.  Neohexane,  or  Ethyl-trim  ethyl-methane,  produced  by  the 
action  of  zinc-methyl  on  tertiary  butyl  iodide,  boils  at  45°. 

4  Mesohexane,  or  Di-isoprof%jl,  formed  by  the  action  of  sodium 
on  isopropyl  iodide,  IHC(CH3)2,  has  a  density  of  0-677  at  0°,  and 
boils  at  58°. 

Heptanes,  C-Hio-  Of  these  hydrocarbons  nine  are  possible  and 
four  are  luiown,  viz. : 

1.  Normal  /lepiane,  CH3— (CH2)6— CH3,  is  contained  m  Penn- 
sylvauian  petroleum,  and  in  the  light  oils  of  Boghead  and  Cannel 
coal,  and  may  be  formed  by  distilling  azelaic  acid,  C9H1QO4,  with 
barium  oxide.    It  has  a  density  of  0-712  at  16°,  and  boils  at  98°. 

2.  Ethyl-isopentyl,  ox  Ethyl-amyl,  CH3.CH2.CH2.CH2.CH(CH3)2, 
a  variety  of  isoheptane,  is  formed  by  the  action  of  sodium  on  a 
mixture  of  ethyl-iodide  and  isopentyl  iodide  : 

an^I  +  CH,I  .CH2  .CHlCHg),  -1-  Na^ = 2NaI  .CH^  .CH^  .CHlCHj)^ 

It  has  a  density  of  0-683  at  18°,  and  boils  at  90°. 

3.  Triethyl-methane,   CH3— CH2— CH<^g2_^JJ^  another 

variety  of  isoheptane,  is  formed  by  the  action  of  zinc-ethyl  on  ortho- 
formic  ether  (see  Formic  Ethers). 

2CH(OC2H,)3   +  3Zn(C2H5)2   =  3Zn(OC2H5)2  +  2CH(C2H5)3 

Orthoformic  Zinc-ethyl.  Zinc-ethylate.  Triethyl- 

ether.  methane. 

4.  Dimethyl-diethyl-methane,     or     N  eoheptane, 

^3^>C<^^2~Qg^  is  formed  by  the  action  of  zinc-ethyl  on 

acetone  chloride,  (CH^aCCla.  It  has  a  density  of  0-689  at  27°,  and 
boils  at  96°. 

The  higher  parafRns  have  been  but  little  examined.  Normal 
octane,  CgHjg,  boiling  at  124°,  and  having  a  density  of  0*703,  occurs 
ui  petroleum,  and  is  formed — (1)  by  the  action  of  zinc  and  hydro- 
chloric acid  on  normal  octyl  iodide  ;  (2)  by  the  action  of  sodium 
on  normal  butyl  iodide:  hence  it  maybe  regarded  as  dibutyl, 
CJ:I,.C^H.,.—Di-isobtUyl,  (CH3)2CH— CHg— CH2— CH(CH3)2, 
obtainefl  by  the  action  of  sodium  on  isobutyl  iodide,  has  a  density  of 
0-705,  and  boils  at  109°. 

Di-isopentyl,  C^o^^i)  obtained  from  the  iodide  of  isopentyl 
(ordinary  amyl),  has  a  density  of  0-770,  and  boils  at  158°. 

The  paraffins  of  the  higher  orders  are  found,  together  with  those 
already  mentioned,  in  natural  petroleum,  and  in  the  light  oils 
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obtained  by  the  action  of  heat  on  various  kbids  of  coal,  especially 
Boghead  and  Cannel  coal. 

In  most  of  these  products,  however,  they  are  mixed  with  hydro- 
carbons belonging  to  other  series;  and  to  separate  them  from  these, the 
crude  petroleum  or  coal-tar  oil  is  mixed  with  strong  sulphuric  acid, 
which  removes  the  olefines  and  other  non-saturated  hydrocarbons, 
and  afterwards  with  fuming  nitric  acid,  or  a  mixture  of  strong  nitric 
and  sulphuric  acids.  The  hydi-ocarbons  of  the  benzene  series,  and 
aU  other  compounds  except  the  paraffins,  are  thereby  oxidised 
or  converted  iuto  nitro-compounds,  which  are  either  dissolved  by 
the  acid,  or  are  much  less  volatile  than  the  hydrocarbons.  The  oUs 
are  then  washed  with  water,  dried  over  caustic  potash,  and  rectified 
over  sodium.  The  distillate  thus  obtaiued  consists  wholly  of 
paraffins,  which  are  separated  by  fractional  distillation. 

When  thus  purified  the  petroleum  and  coal-oil  paraffins,  which 
boU  between  0°  and  130°,  are  found  to  consist  of  two  series  ;  those 
of  the  first  series,  which  have  the  higher  boiling  poiuts,  being 
normal,  while  those  of  the  aecoad  agree  for  the  most  part  in  boduig 
point  with  the  corresponding  synthetically  prepared  isoparaffins. 
The  boiling  points  of  the  two  series  are  as  follows  : — 

Normal.  Iso. 
0° 

38°  30° 

69°  61° 

98°  91° 

124°  118° 

T|ie  boiling  points  and  specific  gravities  of  the  higher  pai'affins  of 
unknown  structure,  obtained  from  the  same  sources,  are  as  follows  : 

Specific  Gravity. 
0-741  ab  15° 
0-757  „  15° 
0-765  „  16° 
0-776  „  20° 
0-792  „  20° 


American  petroleum  likewise  yields  a  quantity  of  liquid  boiling 
above  300°,  and  doubtless  containing  pai-affius  of  still  higher  order. 
Some  specimens  of  the  crude  oil,  as  it  issues  fi'om  the  ground, 
contain  ethane,  CgHg,  and  propane,  C3H8,  which  are  given  off  from 
it  as  gas  at  ordinary  temperatm-es.  In  boring  for  oil  also,  large 
quantities  of  gas  escape,  exhibiting  the  characters  of  methane:  hence 
it  is  probable  that,  in  the  great  geological  changes  which  have  given 
rise  to  the  separation  of  the  petroleum,  the  whole  series  of  paraffins 
have  been  formed,  from  marsh  gas  upwards. 

Solid  paraflin  is  a  colourless  crystalline  fatty  substance,  probably 
consisting  ot  a  mixture  of  several  of  the  higher  members  of  the 


Butane, 

Pentane, 

Hexane, 

Heptane, 

Octane, 


Nonane, 
Decane, 
Endecane, 
Dodecane, 
Tridecane, 
Tetradecane, 
Pentadecane, . 


^12-^26 
^13^28 
C14H30 


Boumg  Pome. 
136-138° 
160-162° 
180-184° 
196-200° 
216-218° 
236-240° 
255-260° 
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series  CnH2n+2.  When  heated  for  some  time  iu  a  sealed  tube,  it 
is  resolved,  with  little  or  no  evolution  of  gas,  into  a  mixture  of 
oletines  and  paralfins  of  lower  molecular  weight,  which  remain 
liquid  at  ordinary  temperattu-es.  This  transformation  is  easily- 
understood  :  the  hydrocarbon,  C^Ti^o,  for  example,  might  be  resolved 
into  C,Hi2  +  C^jHso,  or  CgHi,  +  C;,S,„  or  p,Il,s  +  ^A, 
the  general  equation  of  the  decomposition  being, 

CnH2n+2  =  Cn— pH2(n-p)+2  +  CpH2p. 
Paraffin.  Paraffin.  Oleflne. 

The  product  actually  obtained  is  a  mixture  of  several  parafiins  and 
several  oletines.* 

Paraffin  is  found  native  in  the  coal-measures,  and  other  bitu- 
minous strata,  constituting  the  minerals  known  as  fossil  wax, 
ozocerite,  hatchettin,  &c.  It  exists  also  in  the  state  of  solution  in 
many  kinds  of  petroleum,  and  may  be  separated  by  distilling  off 
the  more  volatile  portions,  and  exposing  the  remainder  to  a  low 
temperature.  In  a  similar  manner  also  may  solid  paraffin  be 
obtained  from  the  tar  of  wood,  coal,  and  bitu.minous  shale.  It  was 
first  prepared  by  Reichenbach  from  wood-tar.  It  is  tasteless  and 
inodorous,  insoluble  in  water,  slightly  soluble  in  alcohol,  freely 
in  ether,  and  miscible  in  all  proportions,  when  melted,  with  fixed 
or  volatile  oils.  It  burns  with  a  very  bright  flame,  and  those 
varieties  of  it  which  melt  at  temperatures  above  45°  C.  (113°  F.)  are 
very  hard,  and  well  adapted  for  making  candles.  Parafi&n  is  largely 
used  also  as  a  substitute  for  sulphur  for  dipping  matches  ;  and  Dr. 
Stenhouse  has  patented  its  application  to  woollen  cloths,  to  increase 
their  strength  and  make  them  waterproof.  More  extensive,  how- 
ever, are  the  uses  of  the  liquid  compounds  of  the  paraffin  series, 
known  in  commerce  as  paraffin  oil,  photogene,  solar  oil,  eupione,  &c. 
These  oils  are  largely  used  for  burning  in  lamps  ;  and,  when  mixed 
with  fatty  oils,  such  as  rape  and  cotton-seed  oils,  form  excellent 
materials  for  lubricating  machinery.  For  the  former  purpose  they 
are  exceedingly  well  adapted,  as,  with  a  proper  supply  of  air,  they 
give  a  much  brighter  light  than  that  obtained  from  fatty  oils  con- 
taining oxygen,  and  are  much  cleaner  in  use. 

It  is  necessary  to  observe,  however,  that  natural  petroleum  and 
the  oils  obtained  by  the  dry  distillation  of  coal,  &c.,  at  low  tem- 
peratures, are  mixtures  of  a  great  number  of  paraffins  difi'ering 
greatly  in  volatility,  and  that  to  render  them  sale  for  burning  in 
lamps^of  ordinary  construction,  they  must  be  freed  by  distillation 
from  the  more  volatile  members  of  the  series  ;  otherwise  they  will 
take  fire  too  easily,  and  when  they  become  heated,  will  give  off 
^igtily  inflammable  vapours,  which,  mixing  with  the  air  in  the 
body  of  the  lamp,  may  easily  produce  dangerously  explosive  mix- 
tures ;  serious  accidents  have  indeed  arisen  from  this  cause.    It  has 

*  Thorpe  and  Young  (Berichte  derdeutschen  chemischen  Gesellscliaft, 
1872,  p.  536). 
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been  found  by  experience  that  it  is  not  safe  to  use  paraflan  oil  wMch 
will  take  fire  on  the  application  of  a  match  and  bum  continuously, 
at  a  temperature  below  100°  F. 


Second  Series,  CnH2n.— Olepines. 

The  hydrocarbons  of  this  series  are  polymeric,  as  well  as  homo- 
logous with  one  another,  inasmuch  as  their  formulae  are  all  exact 
multiples  of  that  of  the  lowest,  CHg.  The  lower  members  of  the 
series  are  gaseous  at  ordinary  temperattires,  the  higher  members 
are  solid,  and  the  intermediate  compounds  bquid.  The  names  and 
formulte  of  the  known  members  of  the  olefine  series  are  given  in 
the  following  table  : — 

Ethene       or    Ethylene,    ....  92^4 
Propene     or  Propylene, 
Tetrene,  Butene,  or  Butylene 


Pentene 
Hexene 
Heptene 
Octene 
Nonene 
Decene 
Hexdecene  or 
Cerotene, 
Melene  or 


or 
or 
or 
or 
or 
or 


Amylene, 
Hexylene, 
Heptylene, 
Octylene, 
Nonylene, 
Paramylene, 
Cetene, 

Melissene, 


^10^20 
^16-^32 


Co 

G 


30-^60 


Methene,  CHg,  the  lowest  term  of  the  series,  does  not  appear  to 
be  capable  of  existing  in  the  separate  state. 

Formation  of  the  Olefines. — 1.  By  abstraction  of  the  elements  of 
water  from  the  alcohols  of  the  series  CnH2n+20,  homologous  with 
common  alcohol,  under  the  influence  of  powerful  dehydrating 
agents,  such  as  oil  of  vitriol,  phosphoric  oxide,  or  zinc  chloride ; 
thus  : — 

CsHgO       -       H2O       =  C0H4 

Ethyl  alcohol.  Water.  Ethene. 

.  2.  By  heating  the  monatomic  haloid  ethers,  CnHon+iBr,  &c., 
with  alcoholic  solvition  of  potash,  or  by  passing  their  vapours  over 
lime  at  a  dull  red  heat  : — 


C^H.Br 
Ethyl  bromide. 


+  KOH 


.iiCl  +  CaO 

Pentyl  chloride. 


'■4 

Ethene. 
Pentene. 


H^O 


+  KBr. 


+  HoO  +  CaCL 


The  secondary  and  tertiaiy  alcohols,  and  their  haloid  ethei-s  are 
converted  into  olefines,  by  this  and  the  precedijig  reaction,  more 
readily  than  the  primary  alcohols.  The  higher  alcohols  of  the 
series,  CnH2n+20,  undergo  this  change  when  merely  heated ;  cetyl 
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alcohol,  C18H34O,  for  example,  is  resolved  by  clistillation  into 
and  cetene,  CigHs,.  <■  i  ■ 

3.  By  the  decomposition  of  tlie  paraffins,  at  the  moment  oi  their 
formation  by  the  action  of  zinc  or  sodium  on  the  alcoholic  iodides  of 
the  monad  alcohol-radicles,  CnH2n+i  (see  p.  39). 

4.  By  the  action  of  the  same  iodides  on  the  sodium-compounds  of 
the  same  radicles  ;  for  example  : 


C,H-I    +    aH.Na    =    Nal    +    C^'H-i  + 


6 


Ethyl  Sodium  Sodium  Ethene.  Ethane, 

iodide.  ethyl.  iodide. 

5.  By  decomposition  of  the  hydroxides  of  ammonium  bases  con- 
taiaing  four  atoms  of  a  monad  alcohol-radicle  (p.  25),  these  com- 
poiuids  when  heated  splitting  up  into  a  tertiary  monamme  (p.  24) 
and  an  define  ;  thus  : 

N(C„H,),(HO)    =    N(C,H5)3  -I-    H,0    +  C,H,. 

Tetrethylammon-  Tiiethyl-  Water.  Ethene. 

Inm  hydroxide.  amine. 

6.  defines  are  formed  by  the  decomposition  of  acetates  and 
butyrates  at  a  red  heat,  distilling  over,  together  with  several  other 
products,  from  which  they  are  separated  by  combmmg  them  with 
bromine,  and  heatiug  the  resulting  bromine-compounds,  CnH2nBr2, 
to  275°  with  copper,  water,  and  potassium  iodide.  In  this  manner 
Berthelot  has  obtained  ethene,  propene,  butene,  and  pentene. 

7.  By  electrolysis  of  the  alkah-salts  of  bibasic  acids  ;  e.g., 

C^HfiO^  -  +  2CO2  +  B.,. 

Succinic  acid, 

8.  By  heatiug  the  diatomic  haloid  ethers,  CnH2nCl2,  &c.,  with 
sodium : 

C2H4CI2  +  Nag  =  2NaCl  -t-  C^H^ . 

9.  Several  of  the  olefines  may  be  produced  by  direct  synthesis 
from  other  hydrocarbons  of  simpler  constitution,  or  their  haloid 
derivatives. 

cc.  Ethene  is  formed  by  the  action  of  nascent  hydrogen  upon 
ethine  or  acetylene : 

C2H2  +  H2  =  C2H,. 

/3.  Propene,  CgHg,  is  formed  by  passing  a  mixture  of  methane  and 
carbon  monoxide  (oxymethene)  through  a  red-hot  tube : 

SOH^  -t-  CO  =  H2O  +  C3H0. 
Also  by  the  action  of  trichloromethane  (chloroform)  on  zinc  ethide : 
2CHCI3  +  3Zn(C2H6)2  =  3ZnCl2  +  4C3H8  -t-  2CHi. 
y.  Pentene,  C^Hio,  or  a  compound  isomeric  or  polymeric  with  it, 
is  formed  by  the' action  of  zinc  ethide  on  propeuyl  (allyl)  iodide : 
2C3H5I  +  Zn(C2H,)2  =  Znl2  +  2C^B.^,. 
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Constitution  and  Reactions  of  the  Olefines. — These  hydrocarbons  in 
the  free  state  may  be  supposed  to  have  one  pair  of  their  carbon- 
atoms  linked  together  by  two  combiaing  units ;  thus : 


CH2 
CH2 


CH3 

II 

CH 


CH2 


Ethene.  Propene. 

In  all  the  higher  members  of  the  series  this  structure  admits  of 
isomeric  modifications  ;  three  for  butene,  five  for  pentene,  &c.,  as 
will  presently  be  fiuther  considered. 

With  two  carbon-atoms  thus  doubly  linked,  the  olefines  present 
the  appearance  of  saturated  molecules  incajjable  of  uniting  with 
monatomic  elements  or  radicles.  Under  the  influence  of  chlorine, 
bromine,  and  iodine,  however,  they  undergo  a  change  of  sti-ucture, 
the  double  Linking  of  the  two  carbon-atoms  being  partly  broken  up, 
so  that  these  atoms  remain  united  by  one  combining  imit  only,  and 
the  hydrocarbon  becomes  a  bivalent  radicle,  capable  of  taking  up 
2  atoms  of  chloriue,  bromine,  &c.,  thus  : 

CH,  CHoCl 

I!  ^  +  CI,    =  I 

CHg  CH2CI 

The  resulting  diatomic  ethers,  treated  vdth  silver  acetate  or  potas- 
sium acetate,  exchange  their  bromine  for  an  equivalent  quantity  of 
the  halogenic  residue  of  the  acetate,  CgHjOg  (p.  27),  giving  rise  to 
diatomic  acetic  ethers ;  thus : 

(C2H,)Br2    -I-    aC^HgO.K    =    2KBr    +  (C^HJCCsHjO,)^; 

Ethene  Potassium  Potassiuin  Ethene 

bromide.  acetate.  bromide.  diacetate. 

and  these  ethers,  distilled  with  a  caustic  alkali,  yield  diatomic 
alcohols  or  glycols  ;  for  example  : 

{C^B.,){Q^^f>^\  +  2KH0  =  2C2H3O2K  +  (C2H,)(OH)2. 

^Ethene  Potassium  "  Ethene 

diacetate.  acetate.  alcohol. 

5.  The  bromides,  CnH2nBr2,  heated  to  275°  with  a  mixture  of 
potassium  iodide,  copper,  and  water,  give  up  their  bromine  and 
reproduce  the  original  olefine,  together  -Rath  other  hvdi'ocai'bons 
(p.  40). 

6.  Some  olefines,  when  bri.skly  shaken  up  with  strong  sidjjhuric 
acid,  imite  with  it,  forming  acid  ethers  of  sulphm-ic  acid  which 
contaia  the  monatomic  alcohol-radicles  analogous  to  the  olefines  • 
thus :  ' 

C2H,    +    H2SO,    =  C2H,.HS0,; 
Etheno.       Sulphuric  acid.     Ethyl-sulpliuric  acid. 
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and  these  acid  ethers  distiUed  with  water  reproduce  sulphuric  acid 
aud  the  mouatomic  alcohol  analogous  to  the  olefine : 

CH^.HSO,  +  H(OH)  =  H,S04  +  C,H,(OH). 

Ethyr-siilplmric  acid.       Water.  Ethyl  alcohol. 

With  fuming  siilphimc  acid  (which  contains  sulphuric  oxide  in 
solution)  the  olefines  yield  sulpho-acids  which  are  isomeric  with 
the  preceding,  hut  ai-e  not  decomposed  by  water  with  iormation  ot 

an  dc^hol.^^^  unite  with  hydrochloric,  hydrobromic,  and  hydriodic 
acids;  and  the  resulting  compounds  treated  with  silver  oxide  m 
presence  of  water,  give  rise  to  two  different  reactions  which  go  on 
simultaneously,  one  part  of  the  compound  exchangmg  its  halogen 
element  for  hydroxyl,  and  thereby  producing  an  alcohol  wliile 
another  portion  gives  up  hydrochloric,  hydrobromic,  or  hydriodic 
acid,  reproducing  the  original  olefine : 

2(C6Hi2.HI)  +  AgaO  +  H^O  =  2AgI  +  2C„Hi,0 

Hexene  Hexyl 
hydriodide.  al'^"'^"!- 

2(C6Hi2.HI)  +  AgaO  =  2AgI  +  H2O  +  2CgH.^2 
Hexene  hydriodide.  Hexene. 
defines  also  unite  with  htjpochlorous  acid,  forming  compounds 
caUed  glycolic  chlorhydrins ;  e.g., 

CHo  CH2CI 

II        +    ClOH    =  I 

CH2  CH2OH 

By  nascent  hydrogen  (evolved  by  zinc  and  hydrochloric  acid)  they 
are  converted  into  paraffins ;  e.gf.,  C2H4  +  H2  =  CgHg.         ,  . 

They  also  yield  paraffins  when  heated  with  concentrated  hydriodic 
acid,  the  moniodoparaflin  formed  in  the  fii'st  instance  being 
reduced  by  a  second  molecule  of  hydriodic  acid  ;  e.g., 

C^H,  +  HI  =  C2H5I ;  and  C^H^I  +  HI  =  C^He  +  Ig. 

Condensation  of  the  Ofe>ies.— These  bodies,  under  the  influence  of 
sulphuric  acid,  zinc  chloride,  boron  fluoride,  and  other  reagents, 
even  at  ordinary  temperatures,  become  polymerised  by  the  linking 
together  of  two  or  more  molecules.  In  this  manner  isopentene  or 
amylene,  C^Hjo,  may  be  converted  into  CjoHgo,  Ci^Hgo,  &c.  Propene 
and  butene  may  also  be  polymerised,  but  ethene  is  not  polymerised 
either  by  sulphuric  acid  or  by  boron  fluoride.  The  polymeric 
hydrocarbons  thus  formed  are  dyad  radicles,  capable  of  uniting 
directly  with  chlorine,  &c. 

Tlie  following  diagram  exhibits  the  conversion  of  isopentene  or 
amylene  into  di-amylene,  showing  that  the  latter  also  has  two  of  its 
carbon-atoms  doubly  linked,  and  may  therefore  act  as  a  dyad 
radicle: 
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HC 


CH2 

II 

CH 
-CH 

in. 


Amylene  (2  mol.) 


H3C- 


CH2 

II 

CH 
I 

-CH 
I 

CH3 

Diamylene. 


HgC 
I 

H2C- 


Ethene,  or  Ethylene,  C2H4,  also  called  Olefiant  gas,  is  pro- 
duced in  the  dry  distillation  of  many  organic  bodies,  and  is  found, 
to  the  amount  of  about  6  per  cent,  in  coal  gas.  It  is  most  easily 
prepared  by  heating  strong  alcohol  with  three  or  four  times  its 
weight  of  strong  sulphuric  acid  (i.  173).  It  is  a  colourless  inflam- 
mable gas,  which  burns  with  a  bright  white  flame.  When  exposed 
to  a  strong  pressure  at  a  temperature  of— 110°,  it  condenses  to  a 
liquid  which  does  not  solidify.  Its  specific  gravity,  referred  to 
hydrogen  as  unity,  is  14,  showing  that  the  molecule  C^H^  has  the 
normal  2-volume  condensation: 

2x12  +  4x1 


Ethene  unites  readily  with  chloruie,  bromine,  and  iodine,  forming 
oily  liquids.  Fuming  hydriodic  acid  absorbs  it,  with  formation  of 
ethyl  iodide,  CgHgl.  It  dissolves  also  in  strong  sulphiu'ic  acid, 
after  prolonged  agitation  at  ordinary  temperatures,  easily  and  com- 
pletely at  160-175°.  The  product  is  ethylsulphuric  acid,  C2H5.SO4H, 
which,  when  boiled  with  water,  yields  ethyl  alcohol.  "Ethene  is 
oxidised  by  chromic  acid  to  aldehyde,  C2H4O,  and  by  potassiiiin 
permanganate  to  oxalic  and  formic  acid. 

Propene,  CgHs  =  CH3— CH^CHj,  is  formed  (1.)  By  heating 
propyl  iodide  or  isopropyl  iodide  with  alcoholic  potash-solution: 

CgHfl  +  KOH  =  CgHg  -I-  KI  -1-  HoO  ; 

(2.)  By  the  action  of  nascent  hydrogen  (from  2iiic  and  hydrochloric 
acid),  or  of  hydriodic  acid,  on  allyl  iodide: 

C3H,I  +  m  =  CgHe  +  I, ; 

(3.)  Together  with  other  products,  by  passing  the  vapour  of  ordinary 
amyl  alcohol  or  butyl  alcohol  through  a  red-hot  tube.  It  also 
occurs  in  coal  gas. 
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Propene  is  a  colourless  gas,  condensable  to  a  liquid  by  strong 
pressure.  It  dissolves  readily  in  strong  hydriodic  acid,  forming 
secoudaiy  propyl  iodide : 

CH2-CH=CH.3  +  IH  =  CH3-CHI-CH3. 

Butane,  or  Butylene,  C^Hg.  Of  this  hydrocarbon  there  are 
three  modifications,  represented  by  the  following  formulae: 

1.  Butene,  CHs-CH^-CHlzCHa ; 

2.  Pseudobutene,  CH3— Cfi— CH— CH3  ; 

3.  Isobutene,  HgC'^^"^'^^ ' 

I.  Normal  butene  is  produced  by  abstraction  of  HI  (action  of 
alcoholic  potash)  from  normal  primary  butyl  iodide,  CH3— CHg— 
CH2— CH2I,  and  by  the  action  of  zinc-ethide  on  bromethene: 

2(CH,-CHBr)  +  Zn<^g^^|^  =  ZnBr,  +  2(CH3-CH,-CH  =  CH,) 


It  is  gaseous  at  ordinary  temperatures,  and  condenses  at  - 10°  to  a 
hquid  which  boils  at  -5°.  It  unites  with  hydriodic  acid,  formxng 
secondary  butyl  iodide,  CH3 — CHg — CHI — CH3 . 

2.  Pseudohutene  is  formed  by  heatiug  secondary  or  pseudo- 
butyl  iodide,  or  the  corresponding  alcohol,  with  alcoholic  potash,  or 
with  silver  iodide.  It  boils  at  -h3',  and  solidifies  at  low  tempera- 
tures.   It  imites  with  HI,  reproduciug  secondary  butyl  iodide. 

3.  Isobutene  is  produced  by  the  action  of  alcoholic  potash  on 
isobutyl  iodide,  gsC^CH— CH2I,  or  on  tertiary  butyl  iodide, 

53^,>CI— CH3,  or  by  that  of  sulphuric  acid  on  the  corresponding 

alcohols.  It  is  also  formed  by  passing  the  vapour  of  isopentyl 
alcohol  through  a  red-hot  tube,  and  by  the  electrolysis  of  isovaleric 
(ordinary  valeric)  acid. 

Isobutene  is  gaseous  at  ordinary  temperatures,  but  condenses  at 
very  low  temperatures  to  a  liquid,  which  boils  at  -  6°.  Strong 
hydriodic  acid  absorbs  it,  Avith  formation  of  tertiary  butyl  iodide. 
With  sidphuric  acid  it  forms,  together  with  polymeric  butenes, 

tertiary  butylsulphuric  acid,  H^c-^C<gQ  ^j^,  which,  when  boiled 

with  water,  yields  tertiary  butyf  alcohol. 

The  dibromides  of  the  three  isomeric  butenes,  C^HgBrg,  boil  at  the 
following  temperatures : — 

Noinial.  Iso.  Psenao. 

166°  159"  149°  • 
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Plentenes,  CgH^g.  Of  the  four  possible  modifications  of  these 
hydrocarbons,  viz., 

3.  4. 

CH,         HoC  CH, 

V 


1, 

CH 
CH„ 

2. 

H  0  CTT 

V 

CH 

1 

CH^ 

1 

CH 

i 

CH 

II 

CH2 

CH, 

CHo  C 
II 

H  CH 


CH  CH 


3 

I 

CH3 

1.  Normal  Pentene,  or  ii't/ii/Z-aZij/Z,  CjHj.CgHg,  is  formed  by 
the  action  of  sodium  on  a  mixture  of  the  iodides  of  ethyl  and  allyl, 
or  of  zinc-ethyl  on  allyl  iodide.  It  boils  at  37°;  imites  with  hydri- 
odic  acid  to  form  the  secondary  iodide,  CH3 — CHg — CH2 — CHI  -  CH, 

or  IHC<p^3 .    Its  bromide,  C^K^^Bv^,  boils  at  175°. 

2.  Isopentene,  or  Amylene,  is  obtained,  together  with  isopen- 

H  C 

tane,  by  distilling  ordinary  amyl  alcohol,  jj^^^CH — CHg — CHjOH, 

with  sulphuric  acid  or  zinc  chloride.  It  is  a  colourless  mobile  liquid 
having  a  fragrant  odom-,  a  density  of  0'663  at  0°,  and  boiling  at  35°. 
Its  bromide  boils  at  170-180°,  with  partial  decomposition.  Isopen- 
tene  unites  with  hydi'iodic  acid,  forming  another  secondary  pentyl 
iodide,  (CH3)2CH— CHI— CH3. 

Isopentene  shaken  up  with  sulphuric  acid  (previously  diluted  with 
half  its  bulk  of  water,  and  cooled)  is  converted  into  several  poly- 
merides,  viz.,  diamylene,  CjqHqq,  boiling  at  156°;  triamylene, 
C15H30,  at  240-250°;  tetramylene,  CgoH^j,  at  360°.  They  are  oily 
liquids,  uniting  directly  with  bromine. 

3.  The  third  modification  is  not  known  with  certainty,  but  is 
perhaps  identical  with  a  pentene,  boiling  at  25°,  obtained  by  the 
action  of  concentrated  alcoholic  potash  on  isopentyl  iodide.* 

4.  The  fourth  modification  is  obtained  by  the  action  of  very  strong 
alcoholic  potash  on  tertiary  pentyl  iodide  : 

H3C    CHo.  H,C  CH, 

V  V 

CI  I   _  c 

i  -    H  -  II 

CH2  CH 


•  I 

CH,  CH, 


*  Flavitzky,  Liebig's  Annalen,  clxix.  205. 
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It  boils  at  35°  unites  with  bromine,  and  with  fuming  byclriodic  acid 
at  100°,  reproducing  the  tertiary  iodide* 

The  higher  olefiues  have  been  but  little  studied.  They  are 
obtained  from  the  corresponding  alcohols  and  iodides  by  the  methods 
above  described. 

Hexene,  or  Hexylene,  CgHjg.  Two  hydrocarbons  of  this 
composition  have  been  obtained,  one  from  secondary,  the  other  from 
tertiary  hexyl  alcohol.  The  former  has  a  specific  gravity  of  0-699  at 
0°,  and  boils  at  65-66°;  the  latter,  which  occurs  in  the  light  oils  from 
Boghead  and  Camiel  tar,  boils  at  70°. 

Heptene,  or  Heptylene,  CyH^^,  also  called  cenanthylene,  is 
formed  from  secondary  heptyl  chloride ;  also  by  treating  heptyl  alde- 
hyde (cenanthol),  CjHijO,  with  phosphorus  pentachloride,  and  decom- 
posmg  the  resulting  chloride,  Cyfli^Clg,  with  sodium.  It  boils  at 
100°.  The  same  hydrocarbon  occurs  in  the  light  oils  from  Boghead 
and  Cannel  tar. 

Octene,  or  Octylene,  CgHjg,  occurs  in  the  same  oils,  and  is 
easily  prepared  by  distilling  secondary  octyl  alcohol  with  zinc 
chloride.    It  boils  at  125°. 

Cetene,  CieHgs,  Cerotene,  Cs^Hg^jand  Melene,  C'soHgo,  are 
formed  by  destructive  distillation  of  the  corresponding  alcohols,  or 
substances  containing  them ;  cetene  from  spermaceti,  cerotene  from 
Chinese  wax,  melene  from  bees-wax. 

Cetene  is  an  oily  liquid,  boiling  at  275°;  cerotene,  a  crystalline 
solid ;  melene  crystallises  from  hot  alcohol  in.  scales,  which  melt  at 
62°. 


Third  Series.— CnHan- 2. 
Ethine  or  Acetylene  Series. 


These  hydrocarbons  may  be 
differing  from  one  another  in 
following  are  known  : 
o  Series. 


arranged  in  two  collateral  series 
structure  and  in  properties.  The 


Boiling 
Point. 


Ethine 
Propine 


or  Acetylene, 
,,  Allylene, 


Boiling 

/3  Series. 

Point. 

C2H2 

C3H4 

0  Allylene, 

C3H4 

C'rotoiiylene, 

C4H6 

C5H8 

50° 

fi  Valerylene, 

CaHs 

80° 

Diallyl, 

C7H12 

107° 

C8H14 

133° 

165° 

Rutylene, 

C10H18 

225° 

280° 

Pentine  „  a  Valerylene, 

Hexino  , ,  Hexoylene, 
Heptine, 

Octine,  .         .  -0—14   

Decine,  „  Decenylene,     0,«H,=    16.5°    Rutvlene.       .  C,nHi«  150° 
Pentadecine  Benylene, 
Hexdecine  Cetenylene, 

A  general  method  of  preparing  the  hydrocarbons  of  the  a-series, 
consists  in  heating  the  dibromides  or  di-iodides  of  the  olefines  with 

*  Ermolaiew,  Zeitschrift  fur  Cheraie,  1871,  275. 


18° 
45° 
59° 


« 
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alcoholic  potash,  the  reaction  taking  place  by  two  stages,  a  mono- 
brominated  olefine  being  first  formed,  and  then  deprived  by  the 
further  action  of  the  potash,  of  the  elements  of  hydrobromic  acid  ; 
thus — 

C„H2uBr2  +  KOH  ^  KBr  +  H^O  +  CnHsn-iBr, 
and     CnH2n-.iBr  +  KOH  =  KBr  +  +  CnH2a-2. 

The  reaction  amounts  to  the  abstraction  of  2HBr  from  the  olefine 
dibromide,  and  shows  that  the  hydrocarbons  of  this  series  have  two 
of  their  carbon-atoms  united  by  three  combining  units  ;  thus  : 


CHoBr 

CH 

1 

2HBr 

=  111 

CHaBr 

CH 

Ethene  dibromide. 

Acetylene. 

CH3 

CH3 

1 

CHBr  — 

2HBr 

1 

=  c 

CHjBr 

III 

CH 

Propene  dibromide. 

Allylene. 

Acetylene  does  not  admit  of  any  other  modification,  at  least  in 
the  free  state  ;  but  in  allylene,  and  the  higher  members  of  the 
series,  another  mode  of  grouping  is  possible,  as  shown  by  the  fol- 
lowing formulte : 

GR^—C—CTI^         CH2=CH— CH2-CH2— CHziCHa 

(3-Allylene.  DiaUyl. 

The  hydrocarbons  of  this  latter  (/3)  subseries  are  formed  by  various 
reactions,  /3-allylene,  for  example,  by  the  electrolysis  of  itaconic 
acid  : 

CH2— COOH  CH2 
-h—  =    2C02    +    H2    -h  C 

iH2— COOH  CH2 

Itaconic  acid.  ^.  Allylene. 

The  hydrocarbons  of  the  two  subseries  likewise  dift'er  in  certain 
of  their  properties.  Those  of  the  ec  series,  when  treated  with  an 
ammoniacal  solution  of  argentic  or  ciiprous  chloride,  yield  metallic 
derivatives,  in  the  form  of  crystalline  precipitates,  which,  when 
heated  with  hydrochloric  acid,  reproduce  the  original  hydrocarbons. 
This  reaction  aftbrds  a  convenient  method  of  separating  acetylene 
and  allylene  from  other  gases.  The  hydrocarbons  of  the  /3  subseries 
do  not  yield  these  metallic  derivatives. 

When  the  hydrocarbons  of  the  cc  subseries  are  subjected  to  the 
action  of  chlorine,  bromine  and  other  powerful  reagents,  the  con- 
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nection  between  tlie  trebly-linked  carbon-atoms  becomes  loosened, 
— as  in  the  case  of  the  olefuies, — so  that  the  molecide  which  was 
previously  saturated  becomes  Ijivalent  or  quadrivalent :  thus,  in  the 
case  of  acetylene, 

I 

C— H  — C— H  — C— H 

III  II  I 

C— H  — C— H  — C— H 

I 

Saturated.  Bivalent.  Quadrivalent. 

When  agitated  with  hydrobromic  or  hydriodic  acid,  they  take  up 
one  or  two  molecules  of  these  acids.  The  dihydrobromides  and 
dihydriodides  thus  produced  have  the  same  composition  as  the  di- 
bromides  of  the  olefiues  ;  thus  : 

CnH2n-2.2HBr   =  CnH2aBr2. 

The  two  classes  of  bodies  are,  however,  isomeric,  not  identical. 

Acetylene,  or  Etliine,  CjHg. — This  hydrocarbon  is  one  of  the 
constituents  of  coal  gas. — It  is  produced — 1.  By  synthesis  from  its 
elements.  When  an  electric  arc  from  a  powerful  voltaic  battery 
passes  between  carbon  poles  in  an  atmosphere  of  hydrogen,  the 
carbon  and  hydrogen  unite  in  the  proportion  to  form  ethine. 

2.  By  the  action  of  heat  upon  ethene,  or  the  vajjour  of  alcohol, 
ether,  or  wood-spirit,  or  by  passing  induction-sparks  thi'ough  marsh- 
gas. 

3.  By  passing  the  vapour  of  chloroform  over  ignited  copper  : 

2CHCI3  +  Cug  =  3CU2CI2  -I-  C2H2. 

4.  By  the  incomplete  combustion  of  bodies  containing  carbon  and 
hydrogen  ;  for  example  : 

4CHiJ  +  Og  =  6H2O  -I-  2C2H2 
2C2H^  -t-  O2  =  2H2O  -1-  2C2H2. 

It  is  produced  in  considerable  quantity  in  the  imperfect  combustion 
which  takes  place  in  a  Bunsen's  gas-burner,  when  the  flame  strikes 
down  and  the  gas  bums  at  tlie  small  orifice  at  the  bottom  of  the 
tube ;  it  may  be  collected  and  purified  by  aspu-ating  the  gas  through 
an  ammoniacal  copper  or  silver  solution. 

5.  By  passing  a  mixture  of  marsh-gas  and  carbon  monoxide 
through  a  red-hot  tube  : 

GH^  -t-  CO  =  H2O  +  C2H2. 

6.  By  the  action  of  alcoholic  potash  on  monobromethene  : 

C.HjBr  +  HKO  =  KBr  -t-  H2O  +  C,1I,. 

7.  By  the  electrolysis  of  fumaric  or  maleic  acid 

C2H2<ggg  =  2CO2  +  Ha  -1-  C,H2.. 


62 


FATTY  GROUP:  HYDROCARBONS, 


The  crude  acetylene  obtained  by  either  of  these  processes  is 
purified  in  the  manner  above  mentioned. 

Acetylene  is  a  coloiuiess  gas  of  specific  gravity  0'92,  having  a 
peculiar  and  unpleasant  odour,  moderately  soluble  in  water,  not 
condensed  by  cold  or  pressure.  It  burns  with  a  very  bright  and 
smoky  flame,  one  volume  of  the  gas  consuming  2^  volumes  of 
oxygen  and  producing  2  volumes  of  carbon  dioxide.  When  mixed 
with  chlorine,  it  detonates  almost  instantly,  even  in  diffused  day- 
light, with  separation  of  carbon. 

Acetylene  passed  into  an  ammoniacal  solution  of  cuprous  chloride 
forms  a  red  precipitate  consisting  of  cuproso-vinyl  oxide, 
C4(Cu2)2H20,  or  [C2(Cu2)H]30,  that  is  to  say,  vinyl-oxide  (03113)20, 
having  four  of  its  hydi'ogen-atoms  replaced  by  fom'  atoms  of 
(apparently)  univalent  copper  (see  i.  415).  The  constitution  of  this 
comj)ound  may  be  understood  fi-oni  the  following  formulas  : 

H  H        H   H  H  H 

II  II  Cu^        I  I  /Cu 

CizC— 0—0=0  I  No=:C=0— OziC  <  I 

I  I  Ou^  Cu 

H  H 

Vinyl  oxide.  Cuproso-vinyl  oxide. 

Its  formation  from  cuprous  chloride  and  acetylene  is  represented  by 
the  equation  : 

2CU2OI2  +  2O2H2  +  H2O  =  4H01  -t-  QS^u^^O. 

On  heating  it  with  hydrochloric  acid,  the  opposite  reaction  takes 
place,  cuprous  chloride  and  water  being  reproduced,  and  pui-e  acety- 
lene evolved  as  gas. 

When  this  copper  compound  is  heated  with  zinc  and  dilute 
ammonia,  the  nascent  hydrogen  thereby  evolved  unites  with  the 
elements  of  ethine,  producing  ethene  : 

O4OU4H2O  4-  2H2  =  CU4  -t-  H2O  +  2C0H2 

and 

C2H2      -f    H2  =  O2H4 , 

Acetylene,  briskly  agitated  with  strong  sulphuric  acid,  is  absorbed, 
producing  vinyl-sulphuric  acid,  O2H4SO4 : 

C2H2  -I-  B.^80i  =  (C2H3)HSO, ; 

and  this  acid,  distilled  with  water,  is  resolved  into  sulphimc  acid 
and  vinyl  alcohol : 

(02H3)HSO,  +  H2O  =  H2SO,  +  CaHgCOH) 

Viuyl-sulplmric  Vinyl 
acid.  aleoiiol. 

Acetylene  unites  with  hromine,  forming  a  dibromide,  OaHgBrj . 

When  a  series  of  strong  induction  sparks  is  passed  through  a 
mixture  of  acetylene  and  nitrogen,  the  two  gases  unite  and  form 
hydrocyanic  acid :  02H2-t-N2  =  20NH. 
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Bromacetylene,  CgHBr,  is  produced  by  the  action  of  alcoholic 
potash  on  dibromethene  dibromide  : 

CaH^Brj.Bra  =  HBr  +  Br2  +  C.HBr . 

It  is  a  spontaneously  inflammable  gas,  which  liquifies  imder  a 
pressure  of  three  atmospheres,  is  soluble  in  water,  and  very  soluble 
in  dibromethine.  It  unites  with  bromine,  forming  the  compound 
CoHBr.Brj,  and  when  passed  into  an  ammoniacal  solution  of 
cuprous  chloride,  yields  a  precipitate  of  cuproso-vinyl  oxide. 

Allylene  or  Propine,  C3H4. — This  compound  is  produced  by 
the  action  of  sodium  ethylate  on  bromopropene  : 

CgHjBr  +  CaHjNaO  =  NaBr  +  C2H5(HO)  +  CgH^, 
its  formation  being  a  particular  case  of  the  general  reaction  given 
on  page  59.  It  is  a  colourless  gas,  having  an  unpleasant  odour, 
burning  with  a  smoky  flame,  and  forming,  with  mercurous  salts, 
a  grey  precipitate  ;  with  silver  salts,  a  white  precipitate  ;  and  with 
cuprous  chloride,  a  yellow  precipitate,  analogous  in  composition  to 
that  formed  by  ethine.  With  bromine  it  forms  the  compounds 
C3H4Br2  and  CjHjBra,  the  former  boiling  at  130°,  the  latter  decom- 
posing when  distilled.  With  iodine  it  forms  the  compomid  CgH^Ig, 
which  boils  at  198°.  It;  unites  with  2  molecules  of  hydi-iodic  acid, 
forming  the  compound  CHg — CI2 — CH,,  and  similarly  with  HBr 
and  HCl. 

(3  Allylene,  or  Allene,  CH2llC~;CH2,  is  formed,  as  already  stated, 
by  the  electrolysis  of  itaconic  acid;  also  by  the  action  of  sodium  on 
the  modification  of  dichloropropene  obtained  from  dichlorhy'di'in  (see 
Glycerin)  ;  probably  also  from  allyl  iodide.  With  bromine  it 
forms  a  crystalline  tetrabromide,  C3H4Br4. 

Crotonylene,  C,[Hc  or  CH3— CHzrCziCHg,  is  formed  by  abstrac- 
tion of  BrH  from  monobromobutene,  CH3— CH2 — CBriZlCHg ;  also 
by  distUling  erythrite,  C^HipO^,  with  formic  acid.  It  is  a  liquid 
Ijoiling  at  20°-25°,  and  forming  a  tetrabromide  which  crystallises  in 
shining  rhombic  plates,  melting  at  116°.  It  does  not  form  any 
metallic  derivative  with  copper  or  silver,  whence,  and  from  its  mode 
of  fonnation,  it  may  be  referred  to  the  /3  subseries. 

Valerylene  or  Pentine,  C^Hg. — Of  this  hydrocarlion  two  modifi- 
cations are  Imown.  a.  Valerylene,  probably  HC=C— Colly,  is 
formed  by  abstraction  of  H2CI2  from  methylj)ropyl-ke tonic 
chloride,  H3C— CClg— C3H7.  It  boils  at  50°,  and  yields  metallic 
derivatives  with  silver  and  copper. 

XT  p 

(i  Valerylene,  probably  g3^>CnCz:CH2,  is  formed  by  abstrac- 
tion of  HBr  from  bromisopentene,   pj[3^>C— CH— CBrZlCHa. 

It  is  a  lirpiid  having  an  aUiaceous  odour,  a  specific  gravity  of 
0-700,  and  boUing  at  45°.  It  does  not  form  compounds  with  sUver 
and  copper.  It  iorms  a  dibromide  which  boils  at  170°,  and  a  liquid 
tetrabromide. 
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Hexines,  CgHjQ. — Hexoylene,  probably  CH3 — (€112)3— C=CH, 
obtained  by  abstraction  of  HBr  &om  monobromlaexene,  boils  at 
76-80°. 

Diallyl,  H2C=CH— CH^-CHg— CH=CH2,  is  formed  by  the 
action  of  sodium  or  silver  on  allyl  iodide.  It  is  a  volatile,  pungent 
Uqnid,  boiling  at  59°,  and  forming  a  crystalline  tetrabromide  and 
tetriodide,  the  fomier  melting  at  63°.  When  shaken  with  aqueous 
hypochlorous  acid,  it  forms  the  compoimd  C8HjqC12(OH)2.  Heated 
with  concentrated  hydi-iodic  acid  it  yields  the  compound  CgHj^Ij  or 
HgC— CHI— CHg— CHg— CHI— CH3,  as  a  heavy  oily  liquid  ;  and 
on  heating  this  compound  with  silver  acetate,  it  is  converted  into 
the  corresponding  diacetate,  which,  when  heated  with  caustic 
potash,  yields  the  corresponding  hexene  glycol, 

H3C— CHOH— CH2— CH2— CHOH— CH3. 

The  higher  members  of  the  series  CnH2n  -  2  are  obtained  either 
from  the  dibromides  of  the  corresponding  oleiines,  or  from  substitu- 
tion-products isomeric  therewith.  Thus  heptine,  or  ojnanth- 
idene,  is  formed  by  the  action  of  potash  on  oenanthidene  dibromide 
(obtained  by  treating  oenanthyl  with  phosphorus  pentachloride) ; 
rntylene  is  prepared  from  diamylene;  and  the  isomeric  body 
decine  or  decenylene  from  the  dibrominated  derivative  of  the 
hydi'ocarbon  C^qH^^j  which  exi.sts  in  petroleum. 


Series  CnHan— 4. 

The  only  known  members  of  the  fatty  group  belonging  to  this 
series  is  valylene  or  pentone,  C^Hg,  which  is  formed  by  the  action 
of  alcohoHc  potash  on  valerylene  dibromide,  CjHgBr,.  It  is  a  light 
oil,  smelling  like  garlic,  and  boiling  at  about  50°.  It  forms  precipi- 
tates with  ammoniacal  copper  and  sHver  solutions.  With  bromine 
in  a  freezing  mixture,  it  yields  a  crystalline  mass  consisting  of 
CjHgBrg,  saturated  with  a  thick  liquid  which  is  a  mixtiu'e  of  the 
same  compound  with  C5HeBr4,  and  probably  CgH^Brj. 

The  terpenes,  Cj^H^g,  also  come  imder  the  formula  CnH2n-4, 
but  they  belong  rather  to  the  aromatic  group. 


Series  CnH2n-6. 

Dipropargyl,  CgHg  or  HC=C— CHg— CH2— C^CH,  the  only 
known  hydrocarbon  of  the  fatty  group  belonging  to  this  series,  is 
isomeric  with  benzene,  but  differs  greatly  fi-om  that  body  in  its 
properties.  It  is  prepared  by  distilUng  diallyl  tetrabromide, 
CgHioBr4,  with  a  large  excess  of  caustic  potash,  whereby  it  is 
converted  into  dibromodiaUyl,  CgHsBi-g,  and  boiling  the  latter  with 
alcoholic  potash: 

HoC— CH— CHBr  H2C-C=CH 
I  —  2HBr  =  I 

H2C— CHzrCHBr  H2C— C=CH 

Dibiomadiallyl.  .  Dipiopargyl. 


HALOID  ETHEBS. 
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Dipropargyl  is  a  mobile,  limpid,  highly  refractive  liquid,  having 
an  intensely  pnngent  odour,  a  specific  gravity  of  0-81  at  18°,  and 
boiling  at  85°.  With  ammoniacal  cuprous  chloride  it  forms  a 
greenish-yellow  precipitate,  CgH4Cu2+  aHjO,  and  with  silver  nitrate, 
a  white  precipitate,  CfiH^ Agj  +  2H2O,  which  blackens  on  exposm-e 
to  light,  and  explodes  at  100°,  leaving  carbon  and  silver. 

Dipropargyl  is  easily  distinguished  from  benzene  by  its  property 
of  combining  explosively  with  bromine,  forming  the  tetr  a  bromide 
CgHgBr^,  a  viscid  liquid,  of  specific  gravity  2-460  at  19°,  which  com- 
bines in  the  dark  with  more  bromine,  forming  the  octobromide 
CgHeBrg,  which  boils  at  140°. 


HALOGEN  DERIVATIVES  OF  THE  HYDROCARBONS. 
HALOID  ETHERS. 

These  compoimds  are  formed,  as  already  observed,  by  stibstitntion 
of  a  halogen  element  (Br,Cl,I)  for  an  equivalent  quantity  of  hydro- 
gen in  a  hydrocarbon,  or  of  hydroxyl  in  the  corresponding  alcohol. 
They  are  monatomic,  diatomic,  triatomic,  &c.,  according  as  1,  2,  3, 
or  more  atoms  of  the  halogen  are  thus  introduced. 

Monatomic  Haloid  Ethers,  CnH2n+iX. — These  ethers  are 
derived  from  the  paraffins.  Chlorine  and  bronoine  act  directly  on 
these  hydrocarbons,  the  action  of  the  former  being  accelerated  by 
light,  that  of  the  latter  by  heat.  Iodine  likewise  acts  on  the 
paraffins,  removing  an  atom  of  hydrogen,  and  taking  its  place  ;  but 
the  iodoparaffin  thus  formed  is  for  the  most  part  reconverted  into 
the  original  hydrocarbon  by  the  action  of  the  hydriodic  acid 
formed  at  the  same  time  :  thus, 

CgHjI     -|-     HI     =     Cgllg     -f-  I2 

This  reverse  action  may,  however,  be  prevented  by  the  addition  of 
a  substance,  like  mercuric  oxide,  which  decomposes  the  hj^driodic 
acid  as  fast  as  it  is  formed,  and  in  that  case  an  iodoparaffin  or 
alcoholic  iodide  is  obtained  :  e.g., 

2G3H8  -1-  2I2  +  HgO  =  2C3H-I  +  H2O  +  Hgl2. 
These  monatomic  haloid  ethers  are  also  produced  by  the  action 
of  the  haloid  compounds  of  hydrogen  and  of  phosphorus  on  the  cor- 
responding alcohols  {q.  v.),  and  by  addition  of  a  haloid  acid  to  an 
unsaturated  hydrocarbon,  i.e.,  a  hydrocarbon  in  which  a  pair  of  car- 
bon-atoms are  joined  together  by  two  combining  vmits  (p.  54) :  e.g., 

CH3  CH3 


H      -f     I      =  CHI 


CH2  H  CH, 

Propene.  IsopiMipyl 


iodidu. 


FOWNES. — VOL.  II. 


66 


HALOID  ETHEES. 


These  ethers  are  converted —  ,  ,  j 

Into  the  original  paraffins  by  the  action  of  nascent  hydrogen 
(evolved  by  hydrochloric  acid  and  zinc,  or  by  soduun  amalgam): 

/3.  Into  the  corresponding  alcohols  by  the  action  of  moist  silver 
oxide : 

C^HjI  +  AgOH  =  Agl  +  C2H5OH. 

Potassium  hydroxide  acts  in  a  similar  manner,  but  the  result- 
ing alcohol  (especially  if  a  secondary  alcohol)  is  partly  con- 
verted by  dehydration  into  the  corresponding  olehne,  e.g., 
CgHgO-Hp^CaHo. 

y.  Into  oxygen-ethers  by  the  action  of  the  sodium  or  potas- 
sium derivatives  of  the  alcohols ;  thus, 

C,HJ    +    NaOCaHg    =    Nal    +  C^B.,.O.C.,'E^ 

Ethyl  Sodium  Ethyl  oxide. 

Iodide.  ethylate. 

S.  Into  compound  ethers  by  the  silver  .salts  of  the  correspond- 
ing acids ; 

C2H5I    +    AgCaHgOg    =    Agl    +  C2H3.C.2H3O2 
Ethyl  Silver  acetate.  Ethyl  acetate, 

iodide. 

The  individual  ethers  of  tliis  group  mil  be  described  in  connection 
■with  the  corresponding  alcohols. 


Monatomic  Haloid  Ethers,  CnH2n-iX- 

These  ethers  are  derived  from  the  olefines,  CnHsn,  by  substitution 
of  1  atom  of  chlorine,  &c.,  for  hydrogen.  They  cannot,  however,  be 
formed  by  direct  substitution,  as  the  action  of  chlorine,  bromine,  or 
iodine  on  the  olefines  gives  rise  to  addition-products,  CnH2nCl2, 
&c. ;  but  they  may  be  obtained  by  treating  these  addition-products 
with  alcoholic  potash  or  sih^er  oxide;  thus, 

C^Rfik  +  KOH  =  KCl  +  H.O  +  C2H3CI. 

These  ethers,  like  the  olefines  from  which  they  are  derived,  can 
take  up  2  atoms  of  chloriue,  bromine,  or  iodine,  forming  compounds 
which  can  likewise  give  up  hydrochloric,  hydrobromic,  or  hydi-iodic 
acid  luider  the  influence  of  alcoholic  potash ;  the  body  thus  fornied 
can  ao-ain  take  up  2  atoms  of  chlorine,  bromine,  or  iodine,  then  give 
up  HGl  HBr,  or  HI ;  and  thus,  by  a  series  of  perfectly  similar  reac- 
tions we  at  length  arrive  at  bodies  consisting  of  the  primitive  olefine 
with 'all  its  hydrogen  replaced  by  chlorine,  bromine,  or  iodine,  and 
the  dichlorides,  dibroniides,  and  di-iodides  of  these  last-mentioned 
bodies :  thus,  from  ethene  may  be  derived  the  following  series  of 
brominated  compounds : 
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Ethene,    .    .  . 
Bromethene, 
Dibrometliene,  . 
Tribromethene,  . 
Tetrabrometliene, 


C2H4 

C,H,Br2 
C„HBr3 


Etliene  bromide,  .  . 
Bromethene  bromide, 
Dibromethene  bromide, 
Tribromethene  bromide, 
Tetrabromethene  bromide,  C2Br4 


C^HgBr .  Brj, 
ClHjBrs.  Br.; 
C^HBr, .  Br.; 


Br., 


Fui'ther,  a  monochloriiiated  or  monobrominated  olefine  may  give 
up  the  atom  of  chlorine  or  bromine  which  it  contains,  in  the  form 
of  hydrochloric  or  hydrobromic  acid,  whereby  it  is  reduced  to  a 
hydrocarbon  of  the  series,  CnH2n-2.  This  reaction  may  take  place 
at  130°-150'',  under  the  influence  of  alcoholic  potash,  or,  better,  of 
sodium  ethylate  (obtained  by  dissolving  sodium  in  anhydrous  alco- 
hol) ;  thus : 


G3H3Br  + 
Bromethene. 


NaOC2H, 

Sodium 
ethylate. 


=    NaBr  + 


Ethyl 
alcohol. 


+ 


C2H2 
Acetylene. 


'  Ch'lorethene  or  Vinyl  Chloride,  C2H3CI  =  CHarrCHCl  (the 
univalent  radicle  CHjInCH —  being  called  vinyl),  is  a  gas  having 
an  alliaceous  odour,  and  liquefying  at  18°. 

Bromethene  or  Vinyl  Bromide,  CjHgBr,  smells  like  the 
chloride,  has  a  specific  gravity  of  1'52,  and  boils  at  23°.  When 
kept  in  sealed  tubes,  it  sometimes  soUdifies  to  a  white  amorphous 
mass,  having  the  appearance  of  porcelain. 

lodethene  or  Vinyl  iodide,  C2H3I,  has  a  specific  gravity  of 
1-98,  and  boUs  at  55°. 


Prop  en  e  yields  three  series  of  monatomic  haloid  ethers : 

(2.)  (3.) 


e.g.. 


CH, 


CH, 


A 


H 


i 


Br 


CHgBr 


CH 


CHBr 


CHo 


CH„ 


1-2  V^Xlg 

1.  The  only  known  ether  of  the  first  group  is  the  bromide,  which 
is  a  liquid  boiling  at  48°,  produced  by  addition  of  hydrobromic  acid 
to  allylene : 

CH3— C=CH  +  HBr  =  CI-l3-CH:=CHBr . 

2.  The  ethers  of  the  second  group,  called  chloropropene,  &c., 
are  formed  by  the  action  of  alcoholic  potash  on  the  chloride  &c.,  of 
propene,  the  action  consisting  in  the  abstraction  of  HCl,  &c.  (p.  66) : 

CH3— CHCl— CHjCl  -  HCl  =  CH3— CCl^CH^; 

also  from  acetone  chloride  (p.  71) : 

CH3— CCI2— CH3  -  HCl  =  CH3— CC1=CH2. 

Chlornprnpene  has  a  specific  gravity  of  0-918  at  9°,  and  boils  at  23°. 
BromofropenR  lias  a  specific  gravity  of  1-411  at  15°,  and  boils  at  57-6° 
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It  niiites  directly  wi  th  hydrogen  bromide,  forming  propeneliromifle 
CH3— CHBr— CHaBr,  and  acetone  bromide,  CH3— CBrg— CH,. 

3.  The  ethers  of  the  third  group,  called  allyl  ethers,  are  ana- 
logous in  constitution  to  allyl  alcohol,  CH^OH— CH—CHa,  and  will 
be  described  in  connection  therewith. 


Diatomic  Haloid  Ethers,  CnH2nX2. 

These  ethers  are  formed :  1.  From  the  paraffins,  by  direct  substi- 
tution of  CL,Br2,  &c.;  for  H2.  2.  From  the  olefines,  CnHsn,  by  direct 
addition  of  Cl„  &c.  3.  By  the  action  of  the  chlorides,  bromides, 
and  iodides  of  phosphorus  on  aldehydes  and  ketones ;  thus, 

C,H,0    +    PCI5    -    C^H.Cl,    +  POCI3 
Aldehyde.  Dichlorethane. 

Cfifi     +     PCI5     =     CgHeCl^     +  POCI3 
Acetone.  Dicliloro- 

propane. 

Methane  Derivatives. — Dichloromethane,  CH^Ch,  is 
formed  by  chloriiiation  of  methyl  chloride,  CH3CI ;  and  by  the 
action  of  chlorine  on  di-iodomethane  or  on  methyl  iodide : 

CH3I  +  CI2  =  CH2CI2  +  HI. 

It  is  a  colourless  liquid,  ha%dng  a  specific  gra^dty  of  1-36  at  0°,  and 
boHing  at  40°. 

Di-iodomethane,  CHglg,  is  produced  by  heating  trichloro-  or 
tri-iodomethane  to  130°  with  fuming  hydriodic  acid : 

CHCI3  +  4HI  =  CH2I2  +  I2  +  3HC1. 

It  crystallises  in  colourless  shining  laminae  of  specific  gravity  3-34 
at  0°,  melts  at  6°,  and  boUs  at  182°. 

Ethane  Derivatives,  C2H4X2. — These  ethers  admit  of  two 
modifications,  accordingly  as  the  two  atoms  of  the  chlorous  radicle 
X  are  attached  to  dilierent  atoms,  or  to  the  same  atom  of  cai'bon ; 
thus, 

CH2X  CH3 


IHgX  CHX2 


The  ethers  of  the  first  modiiication  are  formed  by  direct  addition 
of  chlorine,  bromine,  or  iodide,  to  ethene ;  the  double  linking  of  the 
two  carbon-atoms  in  the  molecule  of  free  ethene  being  loosened  by 
the  entrance  of  the  two  chlorhie-atoms  into  the  group,  and  the 
ethene  then  becoming  a  bivalent  radicle ;  thus, 

CH2  CH2CI 


+       CI2       =  I 
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These  ethers  are  accordingly  regarded  as  chloride,  bromide,  or  iodide, 
of  ethene. 

The  ethers  of  the  second  modification  are  produced  by  the  action 
of  the  perchloride,  &c.,  of  phosphorus  on  aldehyde,  the  reaction  con- 
sisting in  the  replacement  of  the  oxygen-atom  of  this  compoimd  by 
2  atoms  of  chlorine,  &c.,  e.g., 


CH3 
I 

CHO 


-f- 


PCI3.CI2 


I 

CHCL 


-f- 


PCI3O 


They  may  be  supposed  to  contain  the  bivalent  radicle  ethidene, 
CH3 — CHzi;  but  this  radicle  has  not  been  isolated. 

CH2CI 

Ethene  Chloride,  I        . — This  compound  has  long  been  Isnon 
CH2CI 

by  the  name  of  Dutch  liquid,  having  been  discovered  by  four  Dutch 
chemists  in  1795.  When  equal  measures  of  ethene  gas  and  chlorine 
are  mixed  over  water,  absorption  of  the  mixture  takes  place,  and  a 
yellowish  oily  liquid  is  produced,  which  collects  upon  the  surface 
of  the  water,  and  ultimately  sinks  to  the  bottom  in  drops.  It  may 
be  easily  prepared,  in  quantity,  by  causing  the  two  gases  to  combine 
in  a  glass  globe  (fig.  13)  having  a  narrow  neck  at  the  lower  part, 
dipping  into  a  small  bottle,  to  receive  the  product.  The  two 
gases  are  conveyed  by  separate  tubes,  and  allowed  to  mix  in  the 
globe,  the  ethene  gas  being  kept  a  little  in 
excess.  The  chlorine  should  be  washed  with  ^'S- 
water,  and  the  ethene  passed  through  strong 
oil  of  vitriol,  to  remove  vapour  of  ether  :  the 
presence  of  sulphurous  and  carbonic  acids 
is  not  injurious.  Combination  takes  place  very 
rapidly,  and  the  liquid  product  trickles  down 
the  sides  of  the  globe  into  the  receiver.  When 
a  considerable  quantity  has  been  collected,  it 
is  agitated,  first  with  water,  and  afterwards 
with  concentrated  sulphuric  acid,  and,  lastly, 
purified  by  distillation. 

Pure  ethene  chloride  is  a  thin,  colourless 
liquid,  of  fragrant  odour  and  sweet  taste: 
it  is  slightly  soluble  in  water,  and  readily 
so  in  alcohol  and  ether.  It  has  a  specific 
gravity  1-271  at  0°,  and  boils  at  85°.  It  is 
Ufiafl'ected  by  oil  of  vitriol  or  solid  potassium 
hydrate.  When  inflamed  it  burns  with  a 
greenish,  smoky  ligiit.  When  treated  with  an 
alcohf)lic  solution  of  potash,  it  is  slowly  re- 
solved into  potassium  chloride,  which  separates, 
and  chlorethene,  C' H.,C1,  whose  vapour  re- 
quires to  be  cooled  down  to  -18° before  it  condenses;  at  this  tern- 
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perature  it  forms  a  limpid,  colourless  liquid.  Chlorine  is  absorljed 
by  this  latter  substance,  and  a  compound  is  produced,  which  contams 
C2H3CI3;  and  this  is  in  turn  decomposed  by  an  alcoholic  solution  ot 
potash  into  potassium  chloride  and  another  volatile  liquid,  CgHjUg- 
This  series  of  reactions  is  analogous  to  that  already  noticed  m  the 
case  of  the  bromine  compounds  (p.  67). 

Ethidene  Chloride,  CH3— CHCl„is  best  prepared  by  tlie  action 
of  phosphoric  chloride  on  aldehyde  :  it  is  also  formed  by  the  action 
of  chlorine  on  ethyl  chloride.  It  is  a  colourless  liquid  smelling 
like  chloroform,  having  a  specific  gravity  of  1-198,  and  boiling  at 
58°-59°.  When  subjected  to  the  action  of  chlorine,  it  yields  the 
compounds  CH3.CCI3  and  CHaCl.CHClg,  together  with  other 
products. 

Ethene  Bromide,  CHgBr— CH,Br,  obtained  by  saturating  bro- 
mine with  olefiant  gas,  is  an  oily  fragrant  liquid,  of  specific  gravity 
2-163  at  21°,  boiling  at  129°,  and  solidifying  at  0°  to  a  crystalline 
mass  which  melts  at  9°. 

Ethidene  Bromide,  CH3— CHBr.,,  obtained  similarly  to  the 
chloride,  is  a  liquid  boiling  at  110-114°,  and  decomposing  when 
heated  with  water. 

These  two  bromides  are  also  formed  by  heating  monobrometliene, 
CHg^CHBr,  with  hydrobromic  acid,  the  ethene  compoimd  when 
the  acid  is  highly  concentrated,  the  ethidene  compound  when  it  is 
more  dilute. 

Ethene  Iodide,  CH2I— -CHgl,  is  produced  by  the  direct  com- 
bination of  iodine  with  ethene  in  sunshine  or  under  the  influence 
of  heat,  also  by  passing  ethene  gas  into  an  alcoholic  solution  of 
iodine.  It  crystallises  from  alcohol  in  shining  needles,  melts  at  73°, 
and  decomposes  at  higher  temperatures  into  ethene  and  iodine. 

Ethidene  Iodide,  CH3I — CHI2,  is  obtained  by  heating  the 
chloride  with  aluminium  iodide  : 

3C2H4CI2  +  2AII3  =  2AICI3  +  3C2HJ2; 

also  by  addition  of  hydriodic  acid  to  acetylene  :  CgH,-!-  2HI  =  C2H4l._,. 
It  is  a  liciuid  having  a  specific  gravity  of  2-84  at  0°,  and  boiling  at 
178°. 

Propane  Derivatives,  C3HgX2. — The  diatomic  ethers  de- 
rived from  propane  admit  of  four  modifications,  as  exhibited  by  the 
following  formula3  of  the  bromide  : 


1.  Propitlcno 
bromide. 

CH3 

2.  Propene 
bromide. 

CH3 

3.  Methylbrom- 
acetol. 

CH3 

4.  Trimethene 
bromide. 

CHaBr 

inBr 

ifira 

1 

CHBra 

ingBr 

1 

CH3 

1 

CH^Br 

HALOID  ETHERS,  C^B^nX^. 
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1  The  propidene  or  propylidene  ethers  are  formed  by 
the  action  of  phosphorus  pentacMoride,  &c.,  on  propyLLc  ahlehyde, 
CH  — CH,— CHO.  The  chloride  is  a  liquid  having  an  alliaceous 
odour,  and  boUing  at  84-87°.  The  hronaide  and  iodide  are  not 
known. 

2.  The  propene  or  propylene  ethers  are  formed  by  direct 
combination  of  propene  with  chlorine,  bromine,  and  iodine.  When 
treated  with  silver  oxide  and  water  they  are  converted  into  pro- 
pene alcohol  or  propylene  glycol,  CH3 — CHOH — CHjOH. 

The  chloride,  CH3— CHCl— CH2CI,  is  also  formed  by  the  action 
of  chlorine,  in  sunslune  and  in  presence  of  iodine,  on  pseudopropyl 
chloride,  CH3— CHCl— CH3.  If  iodine  is  not  present,  acetone 
chloride  is  formed  at  the  same  time.  Propene  chloride  has  a  specific 
gravity  of  1-165  at  14J,  aad  boils  at  98°.  The  bromide,  formed  by 
direct  combination  or  by  the  action  of  bromine  on  pseudopropyl 
bromide,  is  0  Uquid  of  specific  gravity  1-946  at  17°,  and  boiUng  at 
142°.  The  iodide,  produced  by  direct  combination  of  propene  with 
iodine  at  50°,  is  a  colourless  oil  not  distillable  -without  decom- 
position, g  . 

The  chloride  or  bromide  of  propene  heated  with  water  to  200  is 
converted  into  propionic  aldehyde  and  acetone : 

CH3  CH3  CH3 

2  CHCl     -1-    2B..P    =    in^    +    CO    +  4HC1 

(bn^ci  CHO  CH3 

Propene  Propionic  Acetone, 

chloride.  aldehyde. 

3.  The  propene  derivatives  of  the  form,  CH, — CXg— CH3,  are 
produced  from  acetone  by  substitution  of  Clg  or  Br^  for  0,  the  sub- 
stitution being  effected  by  the  action  of  PCI5  or  PBrj. 

Acetone  chloride  or  Methylchloracetol,  CH3— CClg— CH,,  is  also 
produced,  together  -with  propene  chloride,  by  addition  of  HCl  to 
allylene,  C3H,„  thus : 

CH3  CH3  CH3 

2C       -I-    4HC1    =    (ici2    +    CHCl  ; 
CH  CH3  CH2CI, 

and  by  chlorination  of  pseudopropyl  chloride.  It  is  a  colourless  liquid 
of  specific  gravity  1-827  at  16°,  and  boiling  at  70°.  Sodium  reduces 
it  to  ordinary  propene.  With  alcoholic  potaflli  it  gives  chloropro- 
pene,  CH3— CClzrCH^,  which  is  also  formed  in  the  same  manner 
from  propene  dichloride.  Heated  to  150°  with  water,  it  is  partially 
converted  into  acetone. 
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4.  Trimetliene  Bromide,  CHsBr—GHa—CHaBr,  is  formed  by 
heating  allyl  alcoliol,  CH2=CH— CHjOH,  with  hydrobromic  acid ; 
also,  together  with  propene  bromide,  by  heating  allyl  bromide  to 
100°  with  hydiobromic  acid.  It  is  a  colourless  liquid,  of  specific 
gravity  1-93'  at  19°,  and  boiling  at  162°;  _converted_by  alcoholic 
potash  into  allyl  bromide  and  allyl-ethyl  oxide,  CH2 — CH — CH3 

Q  Q  JJ 

Trimethene  chloride,  CH,C1—CH2—CH2C1,  formed  by  heat- 
ing the  bromide  to  169°  with  mercuric  chloride,  is  a  fragrant  liqmd, 
having  a  specific  gravity  of  1-201  at  15°,  boiling  at  117°;  converted 
by  alcoholic  iDotash  into  allyl-ethyl  oxide. 


Triatomic  Haloid  Ethers,  CnH2n— 1X3. 

Methenyl  Chloride,  or  Chloroform,  CHCI3.— This  compound 
is  produced  : — 1.  Together  with  methene  chloride,  CH2CI2,  when  a 
mixture  of  chlorine  and  gaseous  methyl  chloride  is  exposed  to  the 
sun's  rays.   2.  By  the  action  of  alkalis  on  chloral  (trichloraldehyde) : 

C2HCI3O    +    KOH    =    CHCI3    +  CHKO2 

Chloral.  Chloro-  Potassium 

fonn.  fonnate. 

3.  By  boiling  trichloracetic  acid  with  aqueous  alkalis  : 

C2HCI3O2  +  2K0H  =  CHCI3  +  K2CO3  +  H2O. 

4.  By  the  action  of  nascent  hydrogen  on  carbon  tetrachloride  : 

CCl,  +  H2  =  HCl  +  CHCI3. 

5.  By  the  action  of  hypochlorites,  or  of  chlorine  in  presence  of 
alkalis,  on  various  organic  substances,  as  methyl-,  ethyl-,  and  amyl- 
alcohols,  acetic  acid,  acetone,  &c.  The  reaction  is  complicated, 
giving  rise  to  several  other  products  ;  with  common  alcohol  and 
calcium  hypochlorite  the  principal  reaction  appears  to  be — 

■    2CoHgO  -f-  5CaCl,0,  =  2CHCI3  -f  2CaC03  +  2CaClo  + 
"  CaH202  +  4H2O. 

Chloroform  is  prepared  on  the  large  scale  by  cautiously  distil- 
ling together  good  commercial  chloride  of  lime,  water,  and  alcohol. 
The  whole  product  distils  over  with  the  first  portions  of  water,  so 
that  the  operation  may  be  soon  interrupted  with  advantage.  The 
chloroform,  which  constitutes  the  oily  portion  of  the  distillate,  is 
purified  by  agitation  with  water,  desiccation  with  calcium  chloride, 
and  distillation  in  a  water-bath. 

Chloroform  is  a  thm  colourless  liquid  of  agreeable  ethereal  odour, 
much  resembling  that  of  Dutch  litjuid,  and  of  a  sweetish  taste. 
Its  density  is  1-525  at  0°,  and  it  boils  at  61°:  the  density  of  ite  vapour 
(compared  with  air)  is  4-20.  Chloroform  is  difficult  to  kindle, 
and  biu-ns  with  a  greenish  flame.    It  is  nearly  insoluble  in  water, 
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and  is  not  affected  by  concentrated  sulphuric  acid.  "When  boiled 
^\■ith  aqueous  potash  iu  a  closed  tube,  it  is  converted  into  potassium 
chloride  and  formate : 

CHCI3  +  4H0K  =  3KC1  +  CHKO2  +  2H2O. 
Chloroform  is  well  known  for  its  remarkable  effects  upon  the 
animal  system,  in  producing  temporary  insensibility  to  pain  when 
its  vapour  is  inhaled. 

Bromoform,  CHBrg,  is  a  heavy,  volatile  liquid,  prepared  by  the 
simultaneous  action  of  bromine  and  aqueous  alkalis  on  alcohol, 
wood-spirit,  and  acetone.  It  has  a  density  of  2'9  at  12°,  solidifies  at 
—  9°,  and  boils  at  150-152°.  It  is  converted  by  caustic  potash  into 
potassium  bromide  and  formate. 

Iodoform,  CHI3,  is  a  solid,  yellow,  crystallisable  substance, 
easily  obtained  hy  adding  alcoholic  solution  of  potash  to  tincture 
of  iodine,  avoiding  excess,  evaporating  the  whole  to  dryness,  and 
treating  the  residue  with  water.  It  melts  at  119°,  and  distils  with 
vapour  of  water.  It  is  nearly  insoluble  in  water,  but  dissolves  in 
alcohol,  and  is  decomposed  by  alkalis  in  the  same  manner  as  the  pre- 
ceding compoimds.  Bromine  converts  it  into  hromiodoform, 
CHBrgI,  a  colourless  liquid  which  solidifies  at  0°'  Iodoform  dis- 
tilled with  phosphorus  pentachloride  or  mercuric  chloride,  is  con- 
verted into  chloriodoform,  CHCy,  a  colourless  liquid  of  specific 
gravity  1-96,  which  does  not  solidify  at  any  temperatiu-e. 

Triclilorethane,  C2H3CI3,  admits  of  two  modifications,  viz.  : 
(1.)  CH3 — CCI3,  formed  by  the  action  of  chlorine  in  sunshine  on 
ethyl  chloride.  It  is  a  liquid  smelling  like  chloroform,  boiling  at 
74'5^,  and  converted  by  alcoholic  potash  into  acetic  acid: 

CH3.CCI3  +  4K0H  =  CH3.CO.OK  +  3KC1  -t-  2H2O. 

(2.)  CHgCl — CHCI2,  obtained  by  the  action  of  chlorine  on  vinyl 
chloride,  HjC—CHCl  (see  Vinyl  Alcohol).  It  boils  at  115°,  and 
has  a  specific  gravity  of  1-422  at  0°.  Alcoholic  potash-solution 
converts  it  into  dichlorethene,  C2H2CI2. 

Tribromethane,  C2ll3Br3,  is  obtained  by  adding  bromine  to 
broniethene,  CjHgBr,  cooled  by  a  freezing  mixtm'e.  It  is  a  coloixr- 
less  liquid,  which  smells  like  chloroform,  has  a  specific  gravity  of 
2-620  at  23°,  and  boils  at  186-5°.  Alcoholic  potash  abstracts  HBr, 
converting  it  into  dibromethene,  CJI^^h- 

TricMoropropane,  C^Hfil,,  admits  of  four  modifications,  repre- 
sented by  the  following  formula; : 

(1.)    CH3— CH2— CCI3.  (3.)    CH3— CCI2— CH2CI. 

(2.)    CH3— CHCl— CHCI2.      (4.)    CH2CI— CHCl— CH2CI. 
The  last  of  these,  which  is  the  most  important,  is  analogous  iu  com- 
position to  glycerin,  C3Hf,(OH)3,  and  will  be  described,  together 
with  the  corresponding  bromuie-  and  iodine-derivatives,  in  con- 
nection with  that  compound. 
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Tetrachloromethane,  or  Carbon  TetracMoride,  CCI4,  is 
formed  by  passing  the  vapour  of  carbon  bisulphide,  together  with 
chlorine,  through  a  red-hot  porcelain  tube.  A  mixture  of  sulphur 
chloride  and  carbon  tetrachloride  is  formed,  which  is  distilled  with 
potash,  whereby  the  chloride  of  sulphur  is  decomposed,  and  pure 
carbon  tetrachloride  passes  over.  It  is  a  colourless  liquid  of  1-56 
specific  gravity,  and  boils  at  77°.  The  same  compoimd  is  formed 
by  exhausting  the  action  of  chlorine  upon  marsh-gas  or  methvl 
chloride  in  sunshine.  An  alcoholic  solution  of  potash  converts  it 
into  a  mixture  of  potassium  chloride  and  carbonate. 

Tetrabromometliane,  or  Carbon  Tetrabroniide,CBr4,isfoTmed 

by  the  action  of  bromine,  in  presence  of  iodine  bromide  or  antimo- 
nious  bromide,  on  carbon  sulphide,  bromopicrin,  bromoform,  or  chloro- 
form. It  is  a  white  crystalline  substance,  having  a  specific  gra\dty 
of  3-42  at  14°,  melts  at  91°,  and  boils  with  slight  decomposition  at 
189-5°.  Heated  to  100°  with  alcohol  in  a  sealed  tube,  it  yields 
hydrogen  bromide,  aldehyde,  and  bromoform  : 

CBr^  +  C2H0O  =  HBr  +  CgH^O  +  CHBrs. 

Tetra-iodomethane,  or  Carbon  Tetra-iodide,  CI4,  is  produced 
by  heating  tetrachlorethane  with  iodide  of  aluminium.  It  crystal- 
lises from  ether  in  dark-red  regular  octohedi'ons  of  specific  gra\nty 
4-32  at  20°,  and  decomposes  on  exposure  to  the  air,  especially  at  high 
temperatures,  yielding  iodine  and  carbon  dioxide. 

Tetrabromethane,  C2H2Br4,  formed  by  direct  combination  of 
bromine  with  dibromethene,  CgHjBr,,  or  with  acetylene,  CoH^,  is  a 
Liquid  having  a  specific  gravity  "of  2-88  at  22°,  boiling  at  200°,  and 
solidifying  in  a  freezing  mixture  to  a  wliite  crystalline  mass.  By 
heating  with  alcoholic  potash  it  is  converted  into  tribromethene, 
CHBrj. 

Tetrabrometliene,  or  Carbon  Dibromide,  C2Br4,  is  formed  by 
the  action  of  alcoholic  potash  on  pentabromethane  : 

CaHBrg  -f  KOH  =  C^Br^  +  KBr  +  HoO, 

or  by  treating  common  alcohol  or  ether  with  bromine  : 

C^Tip  +   8Br  =   CjBr^  -f-   4HBr  + 
Alcoliol. 

C4H10O  +  16Br  =  2C^Bv^  +  8HBr  +  H^O. 

Ether. 

It  crystallises  in  white  plates,  melts  at  50°,  and  sublimes  without 
alteration. 
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Tetrachlorethene,  or  Carbon  Dichloride,  C2CI4,  obtained  by 
passing  the  vapour  of  the  trichloride  or  tetrachloride  tlii-ough  a  red- 
hot  tube,  either  aloue  or  mixed  mth  hydrogen,  or  by  the  action  of 
nascent  hydrogen  (zinc  and  dilute  sulphuric  acid)  on  the  trichloride, 
is  a  mobile  liquid  of  specific  gravity  r629,  boiling  at  117°.  When 
heated  to  200°  with  potassium  hydroxide,  it  is  completely  converted 
into  potassium  chloride  and  oxalate,  with  evolution  of  hydrogen  : 

C2CI,  +  6K0H  =  4KC1  +  C2KA  +  2H2O  +  H2. 

It  absorbs  chlorine  and  bromine  in  sunshine,  forming  in  the  one 
case  the  trichloride,  C^GIq,  and  in  the  other  the  chlorobromide, 
CaCl^Bra. 

Pentabromethane,  CaHBr^,  obtained  by  slowly  distilling  tri- 
brometheue,  C,HBr3,  with  bromine,  or  by  the  action  of  bromine  on 
acetylene,  crystallises  from  alcohol  in  prisms  smelling  like  camphor, 
melting  at  45-50°,  and  decomposed  by  distillation. 

Hexbromethane,  or  Carbon  Tribromide,  CgBrg,  is  formed  by 
heating  the  dibromide  with  bromine  in  a  sealed  tube,  or  by  heating 
either  of  the  compounds,  GgHaBr^,  G^HBv^,  with  bromine  in  a  sealed 
tube  : 

CgHgBr^  +  Br^  =  2HBr  +  CgBrg 
C^HBr.  +  Br^  :=    HBr  +  C^Btq. 

This  compound  dissolves  sparingly  in  alcohol  or  ether,  easily  in 
carbon  sulphide,  from  which  it  separates  on  evaporation  in  hard 
rather  thick  rectangular  prisms.  At  200°-210°  it  melts  and  decom- 
poses, yielding  carbon  dibromide  and  free  bromine. 

Hexchlorethane,  or  Carbon  Trichloride,  C2Cle  =  CCl3 — CCI3, 
is  the  final  product  of  the  action  of  chlorine  in  sunshine  on  ethyl 
chloride,  C^B^Cl,  or  ethene  chloride,  CaH^Clj.  It  is  a  white,  crys- 
talline substance,  of  aromatic  odour,  insoluble  in  water,  but  easily 
dissolved  by  alcohol  and  ether  :  it  melts  at  160°,  and  boils  at  182°. 
It  bums  with  difficulty,  and  is  not  altered  by  distillation  with 
aqueous  or  alcoholic  potash.  Its  vapour,  passed  through  a  red-hot 
porcelain  tube  filled  with  fragments  of  glass  or  rock-crystal,  is  de- 
composed into  free  chlorine,  and  the  di chloride,  C2CI4. 

Tetrachlorodibromethane,     or    Carbon  Chlorobromide, 

C2Cl4Br2,  formed  by  the  action  of  bromine  in  sunshine  on  the  djclilo- 
ride,  C2CI,,,  is  a  white  crystalline  body  resembling  the  trichloride. 

Carbon  monoc  hloride,  C2CI2,  analogous  to  ethine  or  acetylene, 
is  obtained  by  passing  tlie  vapour  of  chlorofoiiu  or  ot  carbon- 
dichloride  through  a  red-hot  tube.  It  forms  white  needles,  sublim- 
ing between  175°  and  200°. 
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NITROPAEAFFINS,  CnHsn+iCNOj). 

These  compounds,  isomeric  with  the  'nitrous  ethers  of  the  fatt)'' 
series,  are  produced,  together  with  the  latter,  by  the  action  of  silver 
nitrite  on  the  iodoparaffins  or  alcoholic  iodides, — nitromethane,  for 
example,  from  methyl  iodide  : 

H3CI  +  AgNOg  -  Agl  +  H3CNO2. 

They  are  also  formed  by  the  action  of  nitrogen  tetroxide,  or  of  fum- 
ing nitric  acid,  on  the  hydrocarbons  of  the  ethene  series  ; 

C,Hi  +  N2O,  =  CaH.CNOa)^ 
Ethene.  Dinitroethane. 

They  have  their  nitrogen-atom  in  direct  union  with  a  carbon- 
atom,  and  are  consequently  converted  by  nascent  hydrogen  (evolved 
from  water  by  sodium  ■  amalgam)  into  amidoparaffins  or 
amines ;  e.g., 


NO2    ^    ""e    -    ""^2^    ^     ^  (  NH2 
Nitromethane.  Methylamine. 

The  nitrous  ethers,  on  the  other  hand,  which  are  formed  by  the 
action  of  nitrous  acid  on  the  corresjjonding  alcohols,  have  their 
nitrogen  united  with  carbon,  only  through  the  medium  of  oxy- 
gen ;  e.g., 

.CH3  .NO  .NO 

0<  +    0<  =    H,0    +  0< 

\h  "  \CH3 

Methyl  Nitrous  Methyl 

alcoliol.  acid.  nitrite. 

an  d  are  accordingly  converted  by  nascent  hydi'ogen  into  ammonia 
and  the  corresponding  alcohols  ;  e.g., 

.CH3  CH3 
0<  +    Hg    =    H2O    +    NH3    -I-  0< 

\N0  \H 

Methyl  nitrite.  Methyl  alcohoL 

The  nitroparaffins  are  mostly  decomposed,  M'ith  explosion,  when 
rapidly  heated.  They  are  not  decomposed  by  potush  or  soda, 
whereas  the  nitrous  ethers  are  quickly  resolved  thereby  into  nitrous 
acid  and  the  corresponding  alcohols. 

Nitromethane,  CH3.NO2,  is  formed,  as  above  stated,  by  the  action 
of  silver  nitrite  on  methyl  iodide.  Tlie  action  is  very  violent,  and 
the  whole  of  the  methyl  iodide  is  converted  into  nitromethane, 
without  a  trace  of  the  isomeric  methyl  nitrite.    It  is  also  formed  by 
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heating  the  potassium  salt  of  monochloracetic  acid  with  potassium 
nitrite  : 

2(CH2C1.C02K)  +  2N0.,K  +  H^O  =  2(CH3.N02) 

+  CO3K2  +  2KC1  +  CO2 

Nitromethane  is  a  heavy  oil,  having  a  peculiar  odour,  and  boil- 
ing at  99-101°.  When  treated  with  an  alcoholic  solution  of  soda, 
it  yields  transparent  needles  of  the  sodium  derivative,  CH2Na(N02), 
the  aqueous  solution  of  which  gives  characteristic  precipitates  with 
various  metallic  solutions. 

BromonitromethMne,  GHgBr.NOj,  formed  by  the  action  of  bromine 
on  the  dry  sodium-compound,  is  a  heavy,  pimgent,  strongly  refi'act- 
ting  liquid,  boilLag  at  143-144°. 

Nitroethane,  CgHjNOj  =  CH3 — CH2 — NOg,  prepared  like  the 
methane-derivative,  is  a  colourless,  strongly-refracting  liquid, 
having  a  fragrant  ethereal  odour,  a  specific  gravity  =  1-0582  at  13°, 
and  boiling  at  111-113°  (ethyl  nitrite  boils  at  16°).  The  vapour  is 
inflammable,  and  burns  with  a  pale  yellow  flame,  but  does  not 
explode,  even  when  heated  above  its  boiling  point.  By  nascent 
hvdrogen  it  is  converted  into  amidethane  or  ethylamine, 
C'2H,.NH2. 

Bromonitroethane,  C2H4Br.N02,  and  dih-omonitroethane, 
C2H3Br2.(N02),  are  formed  by  the  action  of  bromine  on  sodium- 
nitroethane.  The  former  is  a  heavy  acid  oil,  boiling  at  145°-148°, 
the  latter  a  mobile  neutral  liquid,  boiling  at  162°-164°. 

Nitropropanes,  C3H7NO2. — There  are  two  isomeric  bodies 
having  this  composition,  obtained  by  the  action  of  silver  nitrite  on 
the  iodides  of  normal  propyl  and  pseudopropyl  respectively. 

Nitropropane,  CH3— CHg— CH2— NOg,  is  a  limpid  mobile  liquid, 
very  little  heavier  than  water,  and  boiling  at  122°-127°. 
H  C 

Pseudo-nitropropane,  jj^q^C!H — NO2,  boils  at  112-117°.  Both 
form  crystalline  sodium-compounds. 

Nitro-isobutane,  C^HgNOa  =  5^^>CH— GHj— NO2,  from  iso- 

butyl  iodide,  is  an  oil  smelling  like  peppermint,  boiling  at  135°-140°, 
and  converted  by  nascent  hydrogen  into  isobutylamine. 

Nitro-isopentane,  CsHnNOg  =  ^ag-vj^cH— CHj— CHj— NOg , 

formed  by  the  action  of  silver  nitrite  on  ordinary  amyl  iodide,  boils 
at  155-160°. 

Reactions  of  Nitroparaffins  with  Metallic  Salts.— The  following 
table  exhibits  the  reactions  of  various  metallic  salts  wiili  the  sodium- 
compounds  of  nitromethane,  nitro-ethane,  and  the  two  nitropro- 
panes, which  are  sufficiently  characteristic  to  be  used  for  distinguish- 
ing these  compounds  one  from  the  other. 
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Sodium-derivative  of 

Nitromethane. 

Nitro-ethane. 

Nitropropane. 

Pseudonltro- 
propane. 

Mercuric 
chloride, 

Light  yellow 
precipitate ; 
explosive. 

Wliite  ci-ystal- 
line  precipi- 
tate. 

White  crystal- 
line precipi- 
tate. 

White  crystal- 
line precipi- 
tate. 

Mercurous 
nitrate. 

Black  flocculent 
precipitate. 

Dii-ty  grey  pre- 
cipitate. 

Black  fiocculent 
precipitate. 

Black  fiocculent 
precipitate. 

Ferric 
chloride, 

Dark  brownish 
red  precipi- 
tate. 

Blood-red  color- 
ation. 

Blood-red  solu- 
tion. 

Blood-red  solu- 
lution. 

Cupric 
sulphate, 

Grass-green 
precipitate. 

Deep  green  so- 
lution. 

Deep  green  so- 
lution. 

Deep  green  so- 
lution. 

Lead 
acetate. 

White  precipi- 
tate. 

0 

White  precipi- 
tate. 

0 

Silver 
nitrate, 

jWliite  precipi- 
tate, almost 
immediately 
turning  black. 

White  precipi- 
tate, soon  turn- 
ing brown. 

Wliite  precipi- 
tate, gradually 
turning  brown. 

Light  yellow 
precipitate, 
soon  turning 
black. 

Action  of  Nitrons  Acid  on  the  Nitroparaffins. — The  reactions  of 
these  bodies  with  nitrons  acid  (or  better,  vdth  potassium  nitrite  and 
sulphuric  acid)  differ  considerably,  according  as  they  contain 
primary,  secondary,  or  tertiary  alcohol-radicles  (p.  44). 

On  treating  the  nitro-compounds  of  the  primary  alcohol 
radicles,  in  which  the  NOo-group  is  united  to  the  group  CH,, 
with  potassium  nitrite  and  dilute  sulphuric  acid,  the  solution  ac- 
quii-es  a  deep  red  colour,  and  compounds  called  nitrolic  acids, 
having  the  general  formula, 

CnH2n  +  1  —  ^<i^Q^ 

are  produced  by  substitution  of  nitrosyl,  NO,  for  one  of  the  hydro- 
gen-atoms in  the  group,  CHg ;  thus, 

Nitropropane,     )        t-      (     Propyl-nitrolic  acid, 
•CA-CH,-NO,i  |CA-C<N-0H 

The  nitrolic  acids  are  colourless,  crystalline  bodies,  soluble  in  ether. 
Their  alkali-salts  have  a  deep  red  colour :  hence  the  red  tint  pro- 
duced at  the  commencement  of  the  reaction  above  mentioned,  and 
disajjpeariug  when  the  sulphuric  acid  is  added  in  excess. 

The  nitro-compounds  of  the  secondary  alcohol-radicles,  in 
which  the  NOg  is  linked  to  the  group  CH,  give  M'heu  similarly 
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treated,  deep  blue  solutions,  which  after  a  while  deposit  colourless 
compoimds  called  pseudonitrols  ;  eg., 


These  compounds  are  coloiuless  in  the  solid  state,  dark  blue  in  the 
fused  state  or  in  solution. 

The  nitro- compounds  of  the  tertiary  alcohol-radicles,  in  which 
the  NOg-group  is  associated  only  with  carbon:  e.g.  (GH3)3C.N02, 
are  neither  decomposed  nor  coloured  by  nitrous  acid. 

These  reactions  afford  a  characteristic  and  delicate  test  for  distin- 
guishing the  primary,  secondary,  and  tertiary  alcohol-radicles  (in 
their  iodides)  from  one  another. 


Trinitrometliane  or  Nitrofonn,  CH(N02)3  is  produced  by 
the  action  of  nitric  acid  on  various  organic  compounds,  but  is  most 
conveniently  obtained  as  an  ammonium  salt,  C(N02)3NH4,  by  the 
action  of  water  or  alcohol  on  trinitracetonitril  or  cyanotrinitro- 
methane  :  C(N02)3CN-|-2H20  =  C(N02)3NHi-l-C02 ;  and  on  treat- 
ing the  yellow  crystalline  salt  thus  formed  with  strong  sulphuric 
acid,  nitroform  is  obtained  in  the  free  state. 

Nitrofonn,  at  temperatures  above  15°,  is  a  colourless  oil ;  below 
that  temperature  it  solidifies  in  colourless  cubic  crystals.  It  is 
moderately  soluble  in  water,  forming  a  dark  yellow  solution.  It 
cannot  be  distilled,  as  it  explodes  with  violence  when  heated. 

The  atom  of  hydrogen  in  nitroform  may  be  replaced  either  by 
metals  or  by  chlorous  radicles,  namely,  bromine  and  nitryl.  The 
metallic  derivatives  or  salts  of  nitroform,  are  for  the  most  part  yellow 
and  crystallisable  :  they  explode  when  heated. 

Bromonitroform,  C(N02)3Br,  produced  by  exposing  nitroform 
to  the  action  of  bromine  for  some  days  under  the  influence  of  direct 
sunshine,  or  more  easily  by  treating  an  aqueous  solution  of  mercirric 
nitroform,  C2(N02)oHg,  with  bromine,  is  a  colourless  liquid  above 
+  12°,  but  solidifies  below  that  temperature  to  a  white  crystalline 
mass.  It  is  somewhat  soluble  in  water,  and  may  be  distilled  with 
a(pieous  vapour,  or  in  a  cmrent  of  air.    It  decomposes  at  140°. 

Tetranitromethane,  C(N02)^,  is  produced  by  treating  nitroform 
with  fuming  nitric  and  sulphuric  acids,  heating  tlie  liquid  to  100°, 
and  passing  air  through  it.  A  liquid  then  distils  over,  from  which 
water  throws  down  tetranitromethane  as  a  heavy  oil. 

Tetranitromethane  is  liquid  at  ordinary  temperatures,  but  soli- 
difies at  -t-13°  to  a  white  crystalline  mass.  It  is  insoluble  in  water, 
but  soluble  in  alcohol  and  ether.  It  boils  at  126°,  and  unlike  nitro- 
form, may  be  distilled  without  decomposition.     When  quickly 


Isonitropropane, 
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heated  it  decomposes,  with  evolution  of  nitrous  vapours,  but  without 
explosion.  It  does  not  take  fire  by  contact  ■with  flame,  but  a  glow- 
ing coal  on  which  it  is  poured  burns  with  a  bright  light. 

Nitrotrichlorometliane,  Nitrochloroform  or  Chloropicrin, 

C(N02)Cl3,  is  produced  by  the  action  of  nitric  acid  on  various  chlo- 
rinated organic  compounds — chloral,  for  example  ;  also  by  that  of 
chlorine  or  hypochlorites  on  nitro-compounds,  such  as  fulminating 
silver,  CgNaOg  Agj,  and  picric  acid,  C(.H3(N  03)30.  To  prepare  it,  10 
parts  of  freshly  prepared  bleaching  powder,  made  into  a  thick  paste 
with  water,  are  introduced  into  a  retort,  and  a  saturated  solution  of 
1  part  of  picric  acid  heated  to  30°  is  added.  Reaction  then  generally 
takes  place,  without  f iirther  heating,  and  the  chloropicrin  distils  over 
with  vapour  of  water. 

Chloropicrin  is  a  colourless  liquid,  having  a  specific  gravity  of 
1'665,  and  boiling  at  112°.  It  has  a  very  pungent  odour,  and 
exjjlodes  when  suddenly  heated.  By  the  action  of  nascent  hydro- 
gen (evolved  by  the  action  of  iron  on  acetic  acid)  it  is  reduced  to 
amidomethane  or  methylamine  : 

CCI3.NO2  -1-  12H  =  CH3.NH2  +  3HC1  -1-  2H2O. 

Bromopicrin,  C(N02)Br3,  is  formed  in  like  manner  by  heating 
picric  acid  with  calcium  hypobromite  (slaked  lime  and  bromine).  It 
closely  resembles  chloropicrin,  sobdiiies  below  -1-10° ;  and  may  be 
distilled  in  a  vacuum  without  decomposition. 

Dinitrodicliloromethane,  C(N02)3Cl2  (commonly  called  Mari^- 
nac's  oil ),  obtained  by  distilling  chlorouaphthalene  with  nitric  acid, 
is  very  much  like  chloropicrin. 


AMIDOPARAFFINS. 

These  are  derivatives  formed  by  the  replacement  of  1,  2,  or  more 
hydrogen-atoms  in  a  paraihn  by  the  monatomic  radicle  amidogen, 
NHg  ;  e.g., 

Amido-ethane,  CgHgNHj 

Diamido-ethane,  C2H4(NH2)2 
They  are  volatile  and  strongly  basic  compounds,  exhibiting  in  their 
behaviour  with  acids  and  other  bodies  the  closest  resemblance  to 
ammonia :  they  may  indeed  be  regarded  as  derived  from  one  or  more 
molecules  of  ammonia  by  the  substitution  of  alcohol-radicles,  mono- 
or  polyatomic,  for  equivalent  quantities  of  hydrogen:  hence  they  are 
called  amines;  e.g., 

(C2H, 

Amidoethane     =  N  <  H  Ethylaraine. 

(h 

Diamidoethane  =  N2 1  jj-^  ^'  Ethene-diamiae. 
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The  mono-derivatives  are  formed  by  the  action  of  reducing  agents 
on  the  mono-nitroparaflins :  nitroethane,  for  example,  treated  with 
iron  and  acetic  acid,  is  converted  into  ethylamine : 

But  they  are  more  readily  prepared  by  other  methods,  which, 
together  with  the  properties  and  reactions  of  these  bodies,  will  be 
discussed  in  a  future  chapter. 


AZOPAHAFFINS,  NITRILS,  or  CYANIDES, 

CnH2n-lN. 

These  compounds  may  be  regarded  as  derived  from  the  parafftns 
by  substitiition  of  trivalent  nitrogen  for  3  atoms  of  hydrogen,  or  as 
compounds  of  nitrogen  with  trivalent  radicles,  CnH2n  - 1  (nitrils),  or 
as  compoimds  of  the  univalent  radicle,  C=N —  (cyanogen)  with  a 
univalent  radicle,  Cn-iHan-i  or  CpH2p+i;*  e.g., 

Azomethane,  Methenyl  Nitril,  or  Hydrogen  Cyanide,  N=C— H. 
Azoethane,  Ethenyl  Nitril,  or  Methyl  Cyanide,         N=C— CH3. 
Azopropane,  Propenyl  Nitril,  or  Ethyl  Cyanide,        N=C— C2H5. 

There  are  also  cyanides  derived  from  hydrocarbons  belongdng  to 
the  aromatic  group,  c.f/.,  phenyl  cyanide,  C7H5N  =  C(iH5.CN,  from 
toluene,  C-Hg . 

Cyanogen  is  obtained  in  the  free  state,  as  already  described 
(i.  185)  by  the  action  of  heat  on  mercuric  cyanide.  It  is  a  colourless, 
inflammable  gas,  of  specific  gravity  26  (H  =  1.)  Its  molecular  weight 
is  therefore  52,  and  it  is  represented  by  the  formula, 

C2N2  =  N=C— C^N, 

which  gives  2  x  12  +  2  x  14  =  52. 

The  univalent  radicle,  CN,  is  often  represented  by  the  shorter 
formiTla  Cy. 

In  the  preparation  of  cynogen  from  mercuric  cyanide,  a  brownish 
or  blackish  substance,  called  paracyanogen,  is  always  formed  in 
small  quantity.  It  is  insoluble  in  water,  and  when  calcined  in  a 
gas  which  does  not  act  upon  it,  such  as  nitrogen  or  carbon  dioxide, 
IS  completely  volatilised  in  the  form  of  cyanogen  gas,  without 
leaving  any  carbonaceous  residue :  hence  it  appears  to  be  isomeric 
or  polymeric  with  cyanogen. 

Hydrogen  Cyanide;  Hydrocyanic  or  Prussic  Acid, 
HCN. — This  very  important  com])cmnd,  so  renmrkable  for  its 
poisonous  properties,  was  discovered  as  early  as  1782  by  Scheele. 

Pure  anliydrous  hydrocyanic  acid  may  be  oljtained  by  passing 


*  If n-1  =  p,  2n   1  •=  2p  +  l. 
F0WNE8. — VOL.  II. 
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dry  sulphuretted  hydrogen,  gas  over  dry  mercuric  cyanide,  gently 
heated  m  a  glass  tube  connected  with  a  small  receiver  cooled  by  a 
freezing  mixture.  It  is  a  thia,  colourless,  and  exceedingly  volatile 
liquid,  which  has  a  density  of  07058  at  7-2°,  boils  at  26-1°,  and 
solidities  when  cooled  to  -18°:  its  odour  is  very  powerfid  and 
most  characteristic,  much  resembling  that  of  peach-blossoms  or 
bitter  almond-oil ;  it  has  a  very  feeble  acid  reaction,  and  mixes 
with  water  and  alcohol  in  all  proportions.  In  the  anhydrous  state 
this  substance  constitutes  one  of  the  most  formidable  poisons  kno-vra, 
and  even  when  largely  diluted  with  water,  its  eifects  upon  the 
animal  system  are  exceedingly  energetic  :  it  is  employed,  however, 
in  medicine,  in  very  small  closes.  The  inhalation  of  the  vapour 
should  be  carefully  avoided  in  all  experiments  in  which  hydro- 
cyanic acid  is  concerned,  as  it  produces  headache,  giddiness,  and 
other  disagreeable  symptoms;  ammonia  and  chlorine  are  the  best 
antidotes. 

The  acid  in  its  pure  form  can  scarcely  be  preserved ;  even  when 
enclosed  in  a  carefully  stoppered  bottle,  it  is  observed  after  a  very 
short  time  to  darken,  and  eventually  to  deposit  a  black  substance 
containing  carbon,  nitrogen,  and  perhaps  hydrogen  :  ammonia  is 
formed  at  the  same  time,  and  many  other  products.  Light  favours 
this  decomposition.  Even  in  the  dilute  state  it  is  apt  to  decompose, 
becoming  brown  and  tiu-bid,  but  not  always  Avith  the  same  facility, 
some  samples  resisting  change  for  a  great  length  of  time,  and  then 
solidifying  in  a  few  weeks  to  a  brown,  pasty  mass. 

"When  hydrocyanic  acid  is  mixed  with  concentrated  mineral  acids, 
hydrochloric  acid,  for  example,  the  whole  solidifies  to  a  crystalline 
j)aste  of  sal-ammoniac  and  formic  acid  : 

CNH  +  2H2O  =  NH3  +  CH2O2. 

On  the  other  hand,  when  dry  ammonium  formate  is  heated  to 
200°,  it  is  almost  entirely  converted  into  hydrocyanic  acid  and  water. 

Aqueous  sokition  of  hydrocyanic  acid  may  be  prepared  by  various 
means.  The  most  economical,  and  by  fai-  the  best,  where  consider- 
able quantities  are  wanted,  is  to  decompose  yellow  potassium  ferro- 
cyanide  at  boiling  heat  with  dilute  sulphuric  acid.  500  grains  of 
the  powdered  ferrocyanide,  K^FeCy^,  are  dissolved  in  four  or  five 
ounces  of  warm  water,  and  introduced  into  a  capacious  flask  or 
globe,  coimected  by  a  perforated  cork  and  mde  bent  tube  M"ith  a 
Liebig's  condenser  well  supplied  with  cold  water ;  300  grains  of  oil 
of  Adtriol  are  diluted  with  three  or  four  times  as  much  water  and 
added  to  the  contents  of  the  flask  ;  and  the  distillation  is  carried  on 
tUl  about  half  the  liquid  has  distilled  over,  after  which  the  process 
may  be  interrupted.  The  residue  in  the  retort  is  a  Avhite  or  yellow 
mass,  consisting  of  potassio-ferrous  ferrocyanide,  KaFegCye  (seep.  89), 
mixed  with  potassium  sul]3hate  : 

2K,Fe"Cy6  -1-  3H,S04  =  6HCy  +  +  3K2SO4. 

When  hydi'ocyanic  acid  is  wanted  for  the  purposes  of  phaimacy, 
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it  is  best  to  prepare  a  strong  solution  in  the  manner  above  de- 
scribed, and  then,  haviag  ascertained  its  exact  strength,  to  dilute 
it  with  pure  water  to  the  standard  of  the  Pharmacopoeia,  viz.,  2  per 
cent,  of  real  acid.  This  examination  is  best  made  by  precipitating 
with  excess  of  silver  nitrate  a  known  weight  of  the  acid  to  be  tried, 
,  collecting  the  insoluble  silver  cyanide  upon  a  small  filter  previously 
weighed,  then  washing,  di-ying,  and  lastly,  reweighing  the  whole. 
From  the  weight  of  the  cyanide  that  of  the  hydrocyanic  acid  can  l»e 
easily  calculated,  a  molecule  of  the  one  (CNAg=134),  corresponding 
with  a  molecule  of  the  other  (CNH  =  27) ;  or  the  weight  of  the  silver 
cyanide  may  be  divided  by  5,  which  will  give  a  close  approxima- 
tion to  the  truth. 

Another  very  good  method  for  determining  the  amount  of  hydro- 
cyanic acid  in  a  liquid  has  been  suggested  by  Liebig.  It  is  based 
upon  the  property  possessed  by  potassium  cyanide  of  dissolving  a 
quantity  of  silver  cyanide  sufficient  to  produce  with  it  a  double 
cyanide,  KCy.AgCy.  Hence  a  solution  of  hydrocyanic  acid,  which 
is  supersaturated  with  potash,  and  mixed  with  a  few  drops  of  solu- 
tion of  common  salt,  will  not  yield  a  permanent  precipitate  with 
silver  nitrate  before  the  whole  of  the  hydrocyanic  acid  is  converted 
iato  the  above  double  salt.  If  we  know  the  amount  of  silver  in  a  given 
volume  of  the  nitrate  solution,  it  is  easy  to  calculate  the  quantitj'- 
of  hydrocyanic  acid ;  for  this  quantity  will  stand  to  the  amount  of 
silver  in  the  nitrate  consumed,  as  2  molecules  of  hydrocyanic  acid 
to  1  atom  of  silver,  i.e.: 

108  :  54  =  silver  consumed  :  x . 

It  is  a  common  remark,  that  the  hydi-ocyanic  acid  made  from 
potassmm  ferrocyanide  keeps  better  than  that  made  by  other  means. 
The  cause  of  this  is  ascribed  to  the  presence  of  a  trace  of  mineral 
acid.  Everitt  found  that  a  few  drops  of  hydrochloric  acid,  added  to 
a  large  bidk  of  the  pure  dilute  acid,  preserved  it  from  decomposi- 
tion, while  another  portion,  not  so  treated,  became  completely 
spoiled. 

A  very  convenient  process  for  the  extemporaneous  preparation  of 
an  acid  of  definite  strength,  is  to  decompose  a  known  quantity  of 
potassium  cyanide  with  solution  of  tartaric  acid  :  100  grains  of 
crystallised  tartaric  acid  in  powder,  44  grains  of  potassium  cyanide, 
and  2  measured  ounces  of  distilled  water,  shaken  up  in  a  phial  for 
a  few  seconds,  and  then  left  at  rest,  in  order  that  the  precipitate 
may  subside,  will  yield  an  acid  of  very  nearly  the  required  strength. 
A  little  alcohol  may  be  added  to  complete  tlie  separation  of  the 
cnimi  of  tartar;  no  filtration  or  other  treatment  need  be  employed. 

Bitter  almonds,  the  kernels  of  plums  and  peaches,  the  scuds  of  the 
apple,  the  leaves  of  the  cherry-laurel,  and  various  other  parts  of 
plants  belonging  to  the  great  natural  order  Rosacea-,  yield  on  distil- 
lation with  water  a  sweet-smelling  liquid  containing  hydrocyanic 
acid.  This  is  probably  due  in  all  cases  to  the  decomposition  of  a 
substance  called  amygdalin  under  the  influence  of  emulsin  or  synap- 
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tase,  a  nitrogenised  ferment  present  in  the  organic  structure  (see 
Glucosidbs).    The  reaction  is  expressed  by  the  equation  : 
C„oH,,NOii   +   2H,0   ^   CNH   +   Q.Ufi   +  ^^.H^-fi, 

AmvKdalin  Prnssic       Bitter  almond  Glucose. 

acid.  oU. 

Hydrocyanic  acid  exists  ready  formed  to  a  considerable  extent  in  the 
i  nice  of  the  bitter  cassava.  ^  , 

The  presence  of  hydrocyanic  acid  is  detected  Math  the  ntraost 
ease  :  its  remarkable  odour  and  high  degree  of  volatiUty  aluiost 
sufficiently  characterise  it.  With  solution  of  silver  nitrate  it  gives 
a  dense  curdy  white  precipitate,  much  resembling  the  chloride,  but 
differing  from  that  substance  in  not  blackenmg  so  readily  by  light, 
in  being  soluble  in  boiling  nitric  acid,  and  in  suffermg  complete 
decomposition  when  heated  in  the  dry  state,  metallic  silver  being 
left-  the  chloride,  under  the  same  circumstances,  merely  fuses,  but 
undero-oes  no  chemical  change.  The  production  of  Prussian  blue 
by  "  Scheele's  test "  is  an  excellent  and  most  decisive  experiment, 
which  may  be  made  with  a  very  small  quantity  of  the  acid.  The 
liquid  to  be  examined  is  mixed  with  a  few  drops  of  solution  oi 
ferrous  sulphate  and  an  excess  of  caustic  potash,  and  the  whole  ex- 
posed to  the  ail-  for  10  or  15  minutes,  with  agitation,  whereby  the 
ferrous  salt  is  partly  converted  into  ferric  salt:  hydrochloric  acid  is 
then  added  in  excess,  which  dissolves  the  precipitated  iron  oxide, 
and,  if  hydrocyanic  acid  is  present,  leaves  Prussian  blue  as  an 
insoluble  powder.  The  reaction  -ndll  be  explamed  m  connection 
with  the  ferrocyanides  (p.  89).  i 
Another  very  delicate  test  for  hydrocyanic  acid  will  be  mentioned 
in  connection  with  thiocyanic  acid. 

Metallic  Cyanides. — The  most  important  of  the  metallic 
cyanides  are  the  following :  they  bear  the  most  perfect  analogy  to 
the  haloid-salts. 

Potassium  Cyanide,  CNK  or  KCy.— Potassium  heated  m  cyano- 
gen gas,  takes  fii-e  and  burns  in  a  very  beautiful  manner,  yielding 
potassium  cyanide :  the  same  substance  is  produced  when  potassium 
is  heated  in  the  vapour  of  hydrocyanic  acid,  hydrogen  being  liber- 
ated. When  pure  nitrogen  is  transmitted  through  a  white-hot 
tube  containing  a  mixture  of  potassium  carbonate  and  charcoal,  a 
small  quantity  of  potassium  cyanide  is  formed,  which  settles  on  the 
cooler  portions  of  the  tube  as  a  white  amorphous  powder:  carbon 
monoxide  is  at  the  same  time  evolved.*  When  azotised  organic 
matter  of  any  Icind,  capable  of  furnishing  ammonia  by  destructive 
distillation,  as  horn-shavings,  parings  of  hides,  &c.,  is  heated  to 

*  Accordin"  to  the  experiments  of  Mai^ueritte  and  De  Sonrdeval,  the  for- 
mation of  cyanide  appears  to  be  more  alnmdant  if  the  potash  be  replaced  by 
barvta  If  the  barium  cyanide  thus  formed  be  exposed  to  a  stream  of  super- 
1,'eatcd' steam  at  300"  C.  the  nitrogen  of  the  salt  is  eliminated  in  the  iorm  of 
iimmonia  Margueritte  and  De  Sonrdeval  recommend  this  process  as  a  method 
of  preparing  ammonia  by  means  of  atmospheric  nitrogen. 
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redness  with  potassium  carbonate  in  a  close  vessel,  a  very  abundant 
production  of  potassium  cyanide  results,  -which  cannot,  however, 
be  advantageously  extracted  by  dii'ect  means,  but  in  practice  is 
always  converted  into  ferrocyanide,  which  is  a  much  more  stable 
substance,  and  crystallises  better. 

Potassium  cyanide  may  be  prepared  by  passing  the  vapour  of 
hydrocyanic  acid  into  a  cold  alcoholic  solution  of  potiish:  the  salt 
is  then  deposited  in  the  crystalline  form,  and  may  be  separated 
from  the  liquid,  pressed  and  dried.  But  it  is  more  generally  made 
from  the  ferrocyanide,  which,  when  heated  to  whiteness  in  a  nearly 
close  vessel,  evolves  nitrogen  and  other  gases,  and  leaves  a  mixtiu'e 
of  carbon,  iron  carbide,  and  potassium  cyanide,  which  latter  salt  is 
not  decomposed  unless  the  temperature  is  excessively  high. 

Liebig  has  given  a  very  easy  and  excellent  process  for  making 
potassium  cyanide,  which  does  not,  however,  yield  it  piu'e,  but 
mixed  with  potassium  cyanate.  For  most  of  the  applications  of 
potassium  cyanide,  electro-plating  and  gilding,  for  example,  foi- 
which  a  considerable  quantity  is  now  required,  this  impurity  is  of 
no  consequence.  Eight  parts  of  potassium  ferrocyanide  are  rendered 
anhydrous  by  gentle  heat,  and  intimately  mixed  wdth  three  parts  of 
dry  potassium  carbonate  :  this  mixture  is  thrown  into  a  red-hot 
earthen  cmcible,  and  kept  in  fusion,  with  occasional  stirring,  imtil 
gas  ceases  to  be  evolved,  and  the  fluid  portion  of  the  mass  becomes 
colourless.  The  crucible  is  left  at  rest  for  a  moment,  and  then  the 
clear  salt  is  decanted  from  the  heavy  black  sediment  at  the  bottom, 
which  is  principally  metallic  iron  in  a  state  of  minute  division.  The 
reaction  is  represented  by  the  equation : 

K^FeCys   +   K^COg   =   5KCy   +   KCyO   4-   Fe   -f  CO^. 

Ferrocyanide.       Carbonate.       Cyanide.  Cyanate. 

The  product  may  be  advantageously  used,  instead  of  potassium 
ferrocyanide,  in  the  preparation  of  hydrocyanic  acid,  by  distillation 
with  diluted  oil  of  vitriol. 

»  Potassium  cyanide  is  often  produced  in  considerable  quantity  in 
blast  furnaces  in  which  iron  ores  are  smelted  with  coal  or  coke. 

Potassium  cyanide  forms  coloui'less,  cubic  or  octohedral,  anhy- 
drous crystals,  deliquescent  in  the  aii',  and  e.xceedingly  sohible  in 
water:  it  dissolves  in  boiling  alcohol,  but  separates  in  great  mea- 
sure on  cooling.  It  is  readibly  fusilile,  and  undergoes  no  change  at 
a  moderate  red  or  even  while  heat,  when  excluded  from  air  ;  other- 
wise, oxygen  is  absorbt;d  and  tlie  cyanide  becomes  cyanate.  Its 
solution  always  has  an  alkaline  reaction,  and  when  ex])osed  to  the 
air  exhales  the  odour  of  hydrocyanic  acid  :  it  is  decomposed  by  the 
weakest  acids,  even  the  carbonic  acid  of  the  air,  and  when  boiled  hi 
a  retort  is  slowly  converted  into  potassium  formate,  with  separation 
of  ammonia.    It  is  said  to  be  as  poisonous  as  hydrocyanic  acid  itself. 

Sodium  Cyanide,  NaCy,  is  a  very  soluljle  salt,  corresponding  closely 
with  the  foregoing,  and  obtained  by  similar  means. 

Amvionium  Cyanide,  NH^Cy,  is  a  colourless,  crystallisable,  and 
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very  volatile  substance,  prepared  by  distilling  a  mixttire  of  potas- 
sium cyanide  and  sal-ammoniac;  or  by  mingling  the  vapour  of 
anhydrous  hydrocyanic  acid  with  ammoniacal  gas;  or,  lastly,  by 
passing  ammonia  over  red-hot  charcoal.  It  is  very  soluble  in  water, 
subject  to  spontaneous  decomposition,  and  is  slightly  poisonovis. 

Mercuric  Cyanide,  Hg(CN)2,  or  HgCyj. — One  of  the  most  remart- 
able  properties  of  cyanogen  is  its  powerful  attraction  for  certain  ot 
tlie  less  oxidable  metals,  as  silver,  and  more  particularly  for  mercury 
and  palladium.  Dilute  hydrocyanic  acid  dissolves  finely  powdered 
mercuric  oxide  with  the  utmost  ease :  the  liquid  loses  all  odour,  and 
yields  on  evaporation  crystals  of  mercimc  cyanide.  Potassium 
cyanide  is  in  like  manner  decomposed  by  mercuric  oxide,  potassium 
hydroxide  being  produced.  Mercuric  cyanide  is  generally  prepared 
from  potassium  ferrocyanide ;  2  parts  of  the  salt  are  dissolved  in  15 
parts  of  hot  water,  and  3  parts  of  dry  mercuric  sulphate  are  added  ; 
the  whole  is  boiled  for  15  minutes,  and  filtered  hot  from  the  iron 
oxide,  which  separates.  The  solution,  on  cooling,  deposits  the  mer- 
oiiric  cyanide  in  crystals.  Mercuric  cyanide  forms  white,  translu- 
cent, dimetric  prisms,  much  resembling  those  of  corrosive  sublimate: 
it  is  soluble  in  8  parts  of  cold  water,  and  in  a  much  smaller  quan- 
tity at  a  higher  temperature,  also  in  alcohol.  The  solution  has  a 
disagreeable  metallic  taste,  is  very  poisonous,  and  is  not  precipitated 
by  alkalis.  Mercuric  cyanide  is  used  in  the  laboratory  as  a  source 
of  cyanogen. 

Silver  Cyanide,  AgCy,  has  been  alread)-  described  (p.  84). — Zinc 
cyanide,  ZnCyg,  is  a  white  insoluble  powder,  prepared  by  mixing  zinc 
acetate  with  hydrocyanic  acid. — Cobalt  cyanide,  CoCyj,  is  obtained  by 
similar  means :  it  is  dirty -white,  and  insoluble. — Palladium  cyanide, 
PdCyg,  forms  a  yellowish- white  precipitate  when  the  chloride  of 
that  metal  is  mixed  with  a  soluble  cyanide. — Auric  cyanide,  AuCyg, 
is  yellowish- white  and  insoluble,  but  freely  dissolved  by  solution  of 
potassium  cyanide. 

Iron  Cyanides. — These  compoimds  are  scarcely  known  in  the 
separate  state,  on  account  of  their  great  tendency  to  form  double 
salts.  On  adding  potassium  cyanide  to  a  ferrous  salt,  a  yellowish- 
red  flocculent  precipitate  is  formed,  consisting  chiefly  of  ferrous 
cyanide,  FeCyj,  but  always  containing  a  certain  quantity  of  potas- 
sium cyanide,  and  dissolved  as  ferrocyanide  by  excess  of  that  salt. 
Ferric  cyanide,  FcjCyn,  is  known  only  in  solution.  Pelouze  obtained 
an  insoluble  green  compound  containing  FcjCj^g,  or  FeCy2.Fe2Cy„, 
by  passing  cMorbie  gas  into  a  boiling  solution  of  potassiiim  ferro- 
cyanide. 

The  iron  cyanides  unite  ■with  other  metallic  cyanides,  forming  tAVO 
very  important  groups  of  conipoimds,  called  ferrocyanides  and 
ferricyanides,  the  composition  of  which  maybe  illustrated  by  the 
respective  potassium-salts : 

Ferrocyanide,.  .  .  .  K4Fe"Cya,  or  ^vCy-Fe'Cyj 
Ferricyanide,  ....    K3Fe"'Cye.or  3KCy.Fe'"Cy3. 
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It  will  be  seen  from  these  formulffi,  tliat  ferro-  and  ferricyanides 
containing  the  same  quantity  of  cyanogen,  differ  from  one  another 
only  by  one  atom  of  imivaleut  metal,  and,  accordingly,  it  is  found 
that  the  former  may  be  converted  into  the  latter,  by  the  action  of 
oxidising  (metal-abstracting)  agents,  and  the  latter  into  the  former 
by  the  action  of  reducing  (metal  adding)  agents.  Thus  potassium 
ferrocyanide  is  easily  converted  into  the  ferricyanide  by  the  action  of 
chlorine,  and  many  double  ferrocyanides  may  be  formed  from  ferri- 
cyanides by  the  action  of  alkalis  in  presence  of  a  reducing  agent ; 
thus  potassium  ferricyanide,  KaFe^Cyg,  is  easily  converted  into 
ammonio-tripotassic  ferrocyanide  (NH^K3Fe"Cy8,  by  the  action  of 
ammonia  in  presence  of  glucose.* 


Ferrocyanides.  " 

Potassium  Ferrocyanide,  K4FeCyg,  or  4KCy.FeCy2,  commonly 
called  yelloiv  prussiate  of  potash. — This  important  salt  is  formed — 
1.  By  digesting  precipitated  ferrous  cyanicle  in  aqueous  solution  of 
potassium  cyanide.  2.  By  digesting  ferrous  hydrate  with  potassium 
cyanide,  potash  being  formed  at  the  same  time : 

6KCy  +  FeHPa  =  2KH0  +  K^FeCyg. 

3.  Ferrous  cyanide  with  aqueous  potash : 

SFeCyj  +  4KH0  =  2FeH202  +  K^FeCyg. 

4.  Aqueous  potassium  cyanide  with  metallic  iron  :  if  the  air  be 
excluded,  hydrogen  is  evolved  : 

6KCy  +  Fe  +2H2O  =  K^FeCyg  +  2KH0  +  ; 

but  if  the  air  has  access  to  the  liquid,  oxygen  is  absorbed,  and  no 
hydrogen  is  evolved : 

6KCy  +  Fe  +  H2O  +  0  =  K^FeCyg  +  2KH0. 

5.  Ferrous  sulphide  with  aqueous  potassium  cyanide : 

6KCy  +  FeS  =  K^S  =  K4F6Cyg. 

6.  Any  soluble  ferrous  salt  with  potassium  cyanide ;  e.g. : 

6KCy  +  FeSO^  =  K^SO^  +  K^FeCyg. 

Potassium  ferrocyanide  is  manufactured  on  the  large  sale  by  the 
following  process: — Dry  refuse  animal  matter  of  any  Kind  is  fused 
at  a  red  neat  with  impure  potassiiim  carbonate  and  iron  filings,  in  a 
large  iron  vessel  from  which  the  air  should  be  excluded  as  much  as 

*  The  ferrocyanides  and  ferricyanides  are  sometimes  regarded  as  salts  of 
peculiar  compound  radicles  containing  iron,  viz.,  fcrrocyanogen,  Fe"Cyg,  and 
ferricyanogen,  Fe"'Cy„,  the  first  being  quadrivalent,  the  second  trivalent ;  but 
there  is  nothing  gained  by  this  assumption.  For  a  discussion  of  the  formulre 
of  these  salts,  and  of  the  double  cyanides  in  general,  see  Watts's  Dictionary 
of  Chemistry,  vol.  ii.  p.  201. 
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j)ossible ;  potassium  cyanide  is  generated  in  large  quantity.  Tlie 
melted  mass  is  afterwards  treated  with  hot  water,  which  dissolves 
out  the  cyanide  and  other  salts,  the  cyanide  being  quickly  converted 
by  the  oxide  or  sulphide*  of  iron  into  ferrocyanide.  The  filtered 
solution  is  evaporated,  and  the  first-formed  crystals  are  purified  by 
re-solution.  If  a  sufficient  quantity  of  iron  be  not  present,  great 
loss  is  incurred  by  the  decomposition  of  the  cyanide  into  potassium 
carbonate  and  ammonia. 

A  new  process  for  the  preparation  of  potassium  ferrocyanide  has 
lately  been  proposed  by  GeUs.  It  consists  in  converting  carbon 
bisulphide  into  ammonium  thiocarbonate  by  agitating  it  with 
ammonium  sulphide  :  CS2+(NH4)2S  =  (NH^)2CS3,  and  heating  the 
product  thus  obtained  with  potassium  sulphide,  whereby  potassium 
thiocyanate  (-p.  102)  is  formed,  with  evoliition  of  ammonium  sul- 
phide ,and  hydrogen  sulphide : 

2(NH4)2CS3  -f  K^S  =  2KCNS  +  2(NHi)HS  +  SHgS. 

The  potassium  thiocyanate  is  dried,  mixed  with  finely  divided 
]netallic  ii'on,  and  heated  for  a  short  time  in  a  closed  iron  vessel  to 
dull  redness,  whereby  the  mixtiu'e  is  converted  into  potassivim 
ferrocyanide,  potassium  sulj)hide,  and  iron  sulphide  : 

6KCyS  +  Fee  =  ^^FeCyg  +  5FeS  +  K.^S. 

By  treatment  with  water,  the  sulphide  and  ferrocyanide  of  potas- 
sium are  dissolved,  and  on  evajjoration  the  ferrocyanide  is  obtained 
in  crystals.  It  remains  to  be  seen  whether  this  ingenious  process  is 
capable  of  being  carried  out  upon  a  large  scale. 

Potassium  ferrocyanide  forms  large,  transparent,  yellow  crystals, 
K^FeCyg -J- 3aq.,  derived  from  an  octohedi-on  with  a  squai'e  base  : 
they  cleave  with  facihty  in  a  direction  j^arallel  to  the  base  of  the 
octohedron,  and  are  tough  and  difficult  to  powder.  They  dissolve 
in  4  parts  of  cold  and  2  parts  of  boiling  water,  and  are  insoluble  in 
alcohol.  They  are  permanent  in  the  air,  and  have  a  mild  saline 
taste.  The  salt  has  no  poisonous  properties,  and,  in  small  doses 
at  least,  is  merely  purgative.  Exposed  to  a  gentle  heat,  it  loses 
3  molecules  of  water,  and  becomes  anhydrous:  at  a  high  temperature 
it  yields  potassium  cyanide,  ii'on  carbide,  and  various  gaseous  pro- 
ducts ;  if  air  be  admitted,  the  cyanide  becomes  cyauate. 

Potassium  ferrocyanide  is  a  chemical  reagent  of  great  value :  when 
mixed  in  solution  with  neutral  or  slightly  acid  salts  of  tlie  heavy 
metals,  it  gives  rise  to  precipitates  which  very  frequently  present 
highly  characteristic  colours.  In  most  of  these  compounds  the 
potassium  is  simply  displaced  by  the  new  metal:  the  beautiful 
brown  ferrocyanide  of  copper  contains,  for  example,  CugFeCyg,  or 
2CuCy2.FeCy2,  and  that  of  lead,  PbaFeGyg. 

With  ferrous  salts,  potassium  ferrocyanide  gives  a  precipitate 
which  is  perfectly  white,  if  the  au-  be  excluded  and  the  solution  is 

*  The  sulphur  is  cleriveii  from  the  reduced  sulphate  of  the  crude  pearl- 
nshes  aud  the  auiiual  substauces  used  in  the  iiiauul'acture. 
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qiiite  free  from  ferric  salt,  but  quickly  turns  blue  on  exposure  to  the 
ail'.  It  consists  of  potassio-ferrous  ferro cyanide,  KgFejCyg, 
or  potassium  ferrocyanicle  having  half  the  potassium  replaced  by 
ii'on.  The  same  salt  is  produced  in  the  preparation  of  hydrocyanic 
acid  by  distilling  potassiuiu  ferrocyanide  with  dilute  sulphuric  acid 
(p.  82). 

When  a  soluble  ferrocyanide  is  added  to  the  solution  of  a  ferric 
salt,  a  deep  blue  precipitate  is  formed,  consisting  of  ferric  ferro- 
cyanide, Fe^Cyig,  or  ¥e"\Fe"^Cy^s,  or  2(Fe2)'"Cyg.3FeCy2,  which  in 
combination  with  IS  molecules  of  water  constitutes  ordinary  Prus- 
sian blue.  This  beautiful  pigment  is  best  prepared  by  adding 
potassium  ferrocyanide  to  ferric  nitrate  or  chloride  : 

SK^FeCyg  -f-  2(Fe2)^'ClB  =  12KC1  +  Fe^Cyis. 

It  is  also  formed  by  precipitatiag  a  mixtiu-e  of  ferrous  and  ferric 
salts  with  potassium  cyanide  : 

ISKCy  +  3FeCl2  +  2(Fe2)^'Cl6  =  18KC1  +  FeyCyig. 

This  reaction  explains  Scheele's  test  for  prussic  acid  (p.  84). 
Prussian  blue  is  also  formed  by  the  action  of  air,  chlorine-water, 
and  other  oxidising  agents,  on  potassio-ferrous  ferrocyanide  ;  jiro- 
bably  thus  : 

GKoFe^Cy^  -^03  =  Fe.Cyig  +  3K,FeCyo  -1-  Fe,0,. 

It  is  chiefly  by  this  last  reaction  that  Prussian  blue  is  prepared 
on  the  large  scale,  potassium  ferrocyanide  being  first  precipitated 
by  ferrous  sulphate,  and  the  resulting  white  or  light  blue  precipi- 
tate either  left  to  oxidise  by  contact  with  the  air,  or  subjected  to 
the  action  of  nitric  acid_,  chlorine,  hypochlorites,  chromic  acid,  &c. 
The  product,  however,  is  not  pure  ferric  ferrocyanide  :  for  it  is 
certain  that  another  and  simpler  reaction  takes  place  at  the  same 
time,  by  which  the  potassio-fen-ous  ferrocyanide,  (K2Fe")Fe"Cyfl, 
is  converted,  by  abstraction  of  an  atom  of  potassium,  into 
potassio-ferrous  ferricyanide,  (KFe")Fe"'Cyg,  which  also 
possesses  a  fine  deep-blue  colour.  Commercial  Prussian  blue  is 
therefore  generally  a  mixture  of  this  compound  with  ferric  ferro 
cyanide,  Fe"'4re"3Cyjg,  the  one  or  the  other  predominating  accord- 
ing to  the  manner  in  which  the  process  is  conducted. 

Prussian  blue  in  the  moist  state  fonns  a  bulky  precipitate,  which 
shrinks  to  a  conij)aratively  small  compass  when  well  washed  and 
dried  by  a  gentle  heat.  In  the  dry  state  it  is  hard  and  brittle, 
much  resembling  in  appearance  the  best  indigo :  the  freshly 
iractured  surfaces  have  a  beautiful  copper-red  lustre,  similar  to 
that  produced  by  rubbing  indigo  with  a  hard  body.  Prussian 
blue  is  quite  in.soluble  in  water  and  dilute  acids,  with  the  excep- 
tion of  oxalic  acid,  in  a  solution  of  which  it  dissolves,  forming  a 
deep-blue  liquid,  which  is  sometimes  used  as  ink  :  concentrated 
oil  of  vitriol  converts  it  into  a  white,  pasty  mass,  which  again 
becomes  blue  on  addition  of  water.    Alkalis  destroy  the  colour 
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instantly  :  tliey  dissolve  out  a  ferrocyanicle,  and  leave  ferric  oxide. 
Boiled  with  water  and  mercuric  oxide,  it  yields  mercuric  cyanide 
and  ferric  oxide.  Heated  in  the  air,  Prussian  blue  bums 
like  tinder,  leaving  a  residue  of  ferric  oxide.  Exposed  to  a  high, 
temperature  in  a  close  vessel,  it  gives  off  water,  ammonium 
cyanide,  and  ammonium  carbonate,  and  leaves  carbide  of  iron.  It 
forms  a  very  beautiful  pigment,  both  as  oil  and  water  colour,  but 
has  little  permanency. 

Common  or  basic  Prussian  blue  is  an  inferior  article,  prepared 
by  precipitating  a  mixture  of  ferrous  sulphate  and  alum  -ndth 
potassium  ferrocyanide,  and  exposing  the  precipitate  to  the  air. 
It  contains  alumina,  which  impau's  the  colour,  but  adds  to  the 
weight. 

Soluble  Prussian  blue  is  obtained  by  adding  ferric  chloride  to 
an  excess  of  potassium  ferrocyanide ;  it  is  insoluble  in  the  saline 
liquor,  but  soluble  in  pure  water.  It  has  a  deep-blue  colour,  and 
probably  consists  of  potassio-ferrous  ferricyanide. 

Hydrogen  Ferrocyanide,  or  Hydroferrocyanic  Acid,  H^FeCyg, 
is  prepared  by  decomposing  ferrocyanide  of  lead  or  copper  sus- 
pended in  water  by  a  stream  of  sulphuretted  hydrogen  gas,  and 
separates  on  evaporating  the  filtered  sohition  in  a  vacuum  over 
oil  of  vitriol.  Its  solution  in  water  has  a  powerfully  acid  taste 
and  reaction,  and  decomposes  alkaline  carbonates  with  effervescence : 
it  does  not  dissolve  mercuric  oxide  in  the  cold,  but  when  heat  is 
applied,  undergoes  decomposition,  forming  mercuric  cyanide  and 
ferrous  cyanide  :  H4FeCyg  +  2HgO  =  2HgCy2  +  FeCy^  +  2B.^0  ;  but 
the  ferrous  cyanide  is  immediately  oxidised  by  the  excess  of  mercuric 
oxide,  with  separation  of  metallic  mercury.  In  the  dry  state  the 
acid  is  very  permanent,  but  when  long  exposed  to  the  air  in  contact 
with  water,  it  is  entirely  converted  into  Prussian  blue. 

Sodium  Ferrocyanide,  Na4FeCyg.l2aq.,  crystallises  in  yellow  four- 
sided  prisms,  which  are  efflorescent  in  the  air,  and  very  soluble. 

Ammonium  Ferrocyanide,  (^K^^aOj^.  3  aq.,  is  isomorphous 
with  potassium  ferrocyanide  :  it  is  easily  soluble,  and  is  decom- 
posed by  ebullition.  Barium  Ferrocyanide,  Ba2FeCyg,  prepared 
by  boiling  potassium  ferrocyanide  with  a  large  excess  of  barium 
chloride,  or  Prussian  blue  with  baryta-water,  forms  minute  yellow, 
anhydrous  crystals,  which  have  but  a  small  degree  of  solubility 
even  in  boiling  water.  The  corresponding  compounds  of  strontium, 
calcium,  and  magnesium  are  more  freely  soluble.  The  ferro- 
cyanides  of  silver,  lead,  zinc,  manganese,  and  bismuth  are  white  and 
insoluble  ;  those  of  nickel  and  cobalt  are  pale-green  and  insoluble  ; 
and  lastly,  that  of  copjxr  has  a  beautiful  reddish-broMTi  tint. 

There  are  also  several  double  ferrocyanides.  When,  for  example, 
concenti-ated  solutions  of  calcium  chloride  and  potassium  ferro- 
cyanide are  mixed,  a  sparingly  soluble  crystalline  precipitate  falls, 
containing  KgCaFeCyQ. 


FERRICYANIDES. 


91 


Ferricyanides. 

These  salts  are  formed,  as  already  observed,  by  abstraction  of 
metal  from  the  ferrocyanides ;  in  other  words,  by  the  action  of 
oxidising  agents. 

Potassium  Ferricyanide,  K3Fe'"Cy6,  or  K6(Fe2)"Cyi2,  often 
caUed  red  prussiate  of  potash,  is  prepared  by  slowly  passing 
chloriae,  with  agitation,  into  a  somewhat  dilute  and  cold  solution 
of  potassium  ferrocyanide,  until  the  liquid  acquires  a  deep  reddish 
green  colour,  and  ceases  to  precipitate  a  ferric  salt.  The  solution 
is  evaporated  until  a  skin  begius  to  form  upon  the  surface,  then 
filtered  and  left  to  cool ;  and  the  salt  is  purified  by  re-crystallisa- 
tion. It  forms  prismatic,  or  sometimes  tabular  crystals,  belonging 
to  the  monoclinic  system,  of  a  beautiful  ruby-red  tint,  permanent 
in  the  air,  and  soluble  in  4  parts  of  cold  water  :  the  solution  has  a 
dark-greenish  colour.  The  crystals  burn  and  emit  sparks  w  hen  iutro- 
duced  iuto  the  flame  of  a  candle.  The  salt  is  decomposed  by  excess 
of  chlorine,  and  by  deoxidising  agents,  as  sulphuretted  hydrogen. 

Hydrogen  ferricyanide  is  obtained  in  the  form  of  a  reddish- brown 
acid  Liquid,  by  decomposing  lead  ferricyanide  with  sulphuric  acid : 
it  is  very  unstable,  and  is  resolved  by  boiling  into  hydrated  ferric 
cyanide,  an  insoluble  dark-green  powder  containing  FegCye.S  aq., 
and  hydrocyanic  acid.  The  ferricyanides  of  sodium,  ammonium, 
and  of  the  allcaline  earth-metals,  are  soluble  ;  those  of  most  of  the 
other  metals  are  insoluble.  Potassium  ferricyanide  added  to  a 
ferric  salt  occasions  no  precipitate,  but  merely  a  darkening  of  the 
reddieh-brown  colour  of  the  solution  ;  with  ferrous  salts,  on  the 
other  hand,  it  gives  a  deep  blue  precipitate,  consisting  of  ferrous 
ferricyanide,  FcgCyja  +  icaq.,  or  Fe"3(Fe2)'''Cyi2  +  a;aq.,  which, 
when  dry,  has  a  brighter  tint  than  Prussian  blue  :  it  is  known 
under  the  name  of  TurnhuWs  blue.  Hence,  potassium  ferricyanide 
ia  as  delicate  a  test  for  ferrous  salts  as  the  yellow  ferrocyanide  is 
for  ferric  salts. 

CoBALTiCYANiDES. — This  name  is  applied  to  a  series  of  com- 
pormds  analogous  to  the  preceding,  containing  cobalt  in  place  of 
iron  ;  a  hydrogen-acid  has  been  obtained,  and  a  number  of  salts, 
which  much  resemble  the  ferricyanides.  Several  other  metals  of 
the  same  ismorphous  family  are  found  capable  of  replacing  iron  in 
these  compounds. 

NiTROPRDSSiDES. — These  are  salts  produced  by  the  action  of 
nitric  acid  upon  ferrocyanides  and  ferricyanides.    The  general  for- 
mula of  these  salts  appears  to  be  M2(N0)Fe"Cyr^,  which  exhibits  a. 
close  relation  to  those  of  the  ferro-  and  ferricyanides. 

The  formation  of  the  nitroprussides  apjjears  to  consist  in  the, 
reduction  of  the  nitric  acid  to  the  state  of  nitrogen  dioxide  or' 
nitrosyl,  NO,  which  replaces  1  molecule  of  metallic  cyanide,  MCy, 
in  a  molecule  of  ferricyanide,  M3Fe"'Cyo.  The  formation  of  these 
salts  is  attended  with  the  production  of  a  variety  of  secoudary  pro- 
ducts,  such  as  cyanogen,  oxamide,  hydrocyanic  acid,  nitrogen,  car- 
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bonic  acid,  &c.  One  of  the  finest  compounds  of  this  series  is  the 
nitroprusside  of  sodium,  Na2(NO)Fe"Cy5  +  2  aq.,  which  is  readilj' 
obtained  by  treating  2  parts  of  powdered  potassium  ferrocyanide 
with  5  parts  of  common  nitric  acid  previously  diluted  Math  its  own 
volume  of  water.  The  solution,  after  the '  evolution  of  gas  has 
ceased,  is  digested  on  the  water-bath,  until  ferrous  salts  no  longer 
yield  a  blue,  l)ut  a  slate-coloured  precipitate.  The  liquid  is  now 
allowed  to  cool,  when  much  potassium  nitrate,  and  occasionally 
oxamide,  is  deposited  :  it  is  filtered  and  neutralised  vnth  sodium 
carbonate,  which  yields  a  green  or  brown  precipitate,  and  a  ruby- 
coloured  filtrate.  This,  on  evaporation,  gives  a  crystallisation  of 
the  nitrates  of  potassium  and  sodium,  together  with  the  nitroprus- 
side. The  crystals  of  the  latter  are  selected  and  purified  by  crystal- 
lisation ;  they  are  rhombic  and  of  a  splendid  ruby  colour.  The 
soluble  nitroprussides  strike  a  most  beautiful  violet  tint  with 
soluble  sulphides,  aflbrding  an  extremely  delicate  test  for  alkaline 
sul^jhides. 


ALCOHOLIC    CYANIDES   OR    HYDROCYANIC  ETHERS. 

These  compounds  play  an  important  part  in  organic  chemistry  : 
for  example,  in  the  conversion  of  alcohols  into  acids  containing  a 
greater  number  of  carbon-atoms. 

The  cyanides  of  univalent  alcohol-radicles  may  also  be  regarded 
as  compounds  of  nitrogen  with  trivalent  radicles  :  hence,  as  already 
observed  (p.  81),  they  are  often  called  nitrils. 

These  alcoholic  cyanides  are  produced  : 

1.  By  distilling  a  mixture  of  potassium  cyanide  and  the  potas- 

P  IT  ) 

siuni-salt  of  ethylsulphuric  acid,         (  gQ^^  qj.  ^  similar  acid  : 
KCN  -f-  (C2H5)KSO,  =  K^SO,  +  C2H5.CN . 

2.  By  the  dehydrating  action  of  phosphoric  oxide  on  the  am- 
monium-salts of  the  monobasic  acids,  CnH2n02  and  CnHon-sO^, 
homologous  with  acetic  and  benzoic  acid  respectively,  thus  : 

C2H3O2.NH,     -     2H2O     =  CsH^N 
Ammonium  Etlieuyl 
acetate.  niti-il. 

C,H502-NH,     -     2H2O     =  C;H,N 

Ammonium  Benzonitiil. 
bcnzoate. 

The  bodies  obtained  by  these  two  processes  are  oily  liquids, 
exhibiting  the  same  properties  whether  prepared  by  the  first  or  the 
second  method,  excepting  that  those  obtained  by  the  latter  have  an 
aromatic  fragrant  odour,  whereas  those  prepared  by  the  former  have 
a  pungent  and  repulsive  odour,  due  to  the  presence  of  certain  iso- 
meric compounds,  to  be  noticed  further  on.  Methyl  cyanide, 
Etlienyl-nitril,  or  Acetonitril,  boils  at  77° ;  Ethyl  cyanide,  or  Propenyl- 
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iiit7-il,at  82°  ;  Butyl  cyanide,  or  Valeronitril,  at  125-128°  ;  Isopentyl 
cyanide,  Amyl  cyanide,  or  Gapronitril,  at  146°;  Phenyl  cyanide,  or 
Benzonitril,  at  190"6°. 

All  these  cyanides,  when  heated  with  fuming  sulphuric  acid  or 
sulphuric  oxide,  are  converted  into  sulpho-acids ;  thus : 

CH3.CN  +  H2O  +  2SO1H2  =  SO,H(NH,)  +  CaH.SOs 

Methyl  Sulphucetic 
cyanide.  acid. 

CH3.CN  +  3H2SO4  =  S04H(NHJ  +  CO2  +  CH^S^Og 

Methyl  Disulpho- 
'  cyanide.  metholic  acid. 

By  heating  with  caustic  potash  or  soda,  they  are  resolved  into 
ammonia  and  the  corresponding  fatty  or  aromatic  acid,  just  as 
hydrocyanic  acid  similarly  treated  is  resolved  into  ammonia  and 
formic  acid ;  thus : 

=  NH, 


HON 

Hydrogen 
cyanide. 

C,H,CN 

Ethyl 
cyanide. 

CeH^CN 

Phenyl 
cyanide. 


+  2H,0 


+ 


+ 


2H2O 


2H2O 


+ 


NH,  + 


NH,  + 


CH2O2 

Formic 
acid. 

C3H0O2 
Propionic 
acid. 

Benzoic  acid. 


The  alcoholic  cyanides  or  nitrils,  treated  with  nascent  hydrogen, 
are  converted  into  the  corresponding  amine-bases,  e.g.: 


CNCH3    +    2H2  = 
Methyl 
cyanide. 


NH2(CH2CH3)  or  CgHyN 

Etliylamine. 


Ethene  Cyanide,  (C2H,j)"(CN)2,  is  obtained  by  distilling  potassium 
cyanide  with  ethene  bromide  : 

C2H,,Br2  +  2KCN  =  2KBr  +  C2H4(CN)2. 

It  is  a  crystalline  body,  melting  at  50°,  and  converted  by  alcoholic 
potash  into  ammonia  and  succinic  acid  : 

C2H,(CN)2  +  4H2O  =  2NH3  +  C^H^O^. 

Isocyanides,  or  Carbamines. — On  examining  the  equations  just 
given  for  tlu;  decomposition  of  the  alcoholic  cyanides  under  the 
iufhience  of  alkalis,  it  is  easy  to  see  that  the  reaction  might  be 
supposed  to  take  place  in  a  dillerent  way,  each  cyanide  yielding,  not 
ammonia  and  an  acid  containing  the  same  niimber  of  carbon-atoms 
as  itself,  but  an  alcoholic  ammonia  or  amine,  and  formic  acid  ; 
thus  : 

C2H5.CN    +    2H2O    =    NH2C2H5    +  CH2O2 
Ktliyl  Ktliyl-  Formic 

cyanide  amine.  acid, 
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Ill  the  one  case  the  alcohol-radicle  remains  united  with  the  carlxin, 
producing  a  homologue  of  formic  acid,  together  with  ammonia  ;  in 
the  other  it  remains  united  with  the  nitrogen,  producing  a  homologue 
of  ammonia,  together  with  formic  acid. 

A  class  of  cyanides  exhibiting  the  second  of  these  reactions  has 
been  discovered  by  Dr  Hofmann.*  They  are  obtained  by  distilling 
a  mixture  of  an  alcoholic  ammonia-base  and  chloroform  with  alco- 
holic potash  ;  for  example  : 

CfiH.N    +    CHCI3    =    3HC1  + 

Aniline.  Cliloro-  Phenyl- 

form.  isocyanide. 

The  potash  serves  to  neutralise  the  hydrochloric  acid  produced, 
which  would  otherwise  quickly  decompose  the  isocyanide.  Phenyl- 
isocyanide,  or  phenyl-carbamiue,  when  freed  from  excess  of  aniline 
by  oxalic  acid,  then  dried  with  caustic  potash  and  rectified,  is  an 
oily  liquid,  green  by  transmitted,  blue  by  reflected  light,  and  having 
an  intolerably  pungent  and  suffocating  odour.  It  is  isomeric  with 
benzonitril,  and  is  resolved  by  boiling  with  dilute  acids  into  formic 
acid  and  aniline : 

-1-     2H2O     =     CH2O2     +  CgHyN. 

It  is  a  remarkable  fact  that,  whereas  the  normal  alcoholic  cyanides 
are  easily  decomposed  by  boiling  alkaline  solutious,  the  isocyanides 
are  scarcely  altered  by  alkalis,  but  are  easily  hydrated  under  the 
influence  of  acids. 

The  isocyanides  of  ethyl  and  amyl  have  been  obtained  by  similar 
processes ;  namely,  by  distilling  methylamine  and  ethylamine 
respectively  with  chloroform,  also  by  the  action  of  ethylic  and 
amy  lie  iodides  on  silver  cyanide.  'I'hey  resemble  the  phenyl  com- 
pound in  their  reactions,  and  are  also  characterised  by  extremely 
powerful  odours.  The  repulsive  odour  possessed  by  the  normal 
alcoholic  cyanides  when  prepared  by  distilling  potassium  cyanide 
with  the  ethyl -sidphates  or  homologous  salts,  appears  to  be  due  to 
the  presence  of  small  quantities  of  these  isocyanides. 

The  difl'erence  of  constitution  between  the  normal  cyanides  and 
the  isocyanides  may  be  represented  by  the  followmg  formuhe, 
taking  the  methyl  compounds  for  example  : 

N=C-CH3  or  C"  j  C^N— CH3  or  N'  j 

Cyanide.  Isocyanide. 
In  the  isocyanide  the  carbon  belonging  to  the  alcohol-radicle  is 
united  directly  with  the  nitrogen ;  in  the  cyanide,  only  thi-ough  the 
medium  of  the  carbon  belonging  to  the  cyanogen. 

This  difl'erence  of  structure  may  perhaps  account  for  the  difference 
in  the  reactions  of  the  cyanides  and  isocyanides,  under  the  influeiwe 
of  hydrating  agents,  thus  : 

*  Proceedings  of  tbe  Koyal  Society,  xvi.  Hi,  US,  150, 
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The  isooyanicTes  of  methyl  and  ethyl  (methyl-  and  ethyl-carba- 
mines)  unite  with  acids,  forming  crystallisable  salts. 


OXYGEN-  AND  SULPHUE-COMPOUNDS  OF  CYANOGEN. 

Cyanic  Acid,  CHNO. — Of  this  acid  there  are  two  possible 
modifications  represented  by  the  fonnulfB  : 

N=C— OH  and  CO=N— H  . 

These  modifications  are  actually  exhibited  in  the  metallic  cyanates 
and  the  cyanic  ethers ;  but  the  acid  itseK  is  known  in  one  modifica- 
tion only,  the  particular  constitution  of  which  has  not  yet  been 
determined.  It  is  produced  when  cyanuric  acid,  deprived  of  its 
water  of  crystallisation,  is  heated  to  dull  redness  in  a  hard  glass 
retort  connected  with  a  receiver  cooled  by  ice.  The  cyanuric 
acid  is  resolved,  without  any  other  product,  into  cyanic  acid, 
which  condenses  in  the  receiver  to  a  limpid,  colourless  liquid, 
of  exceedingly  pungent  and  penetrating  odour,  like  that  of  the 
strongest  acetic  acid  :  it  even  blisters  the  skin.  When  mixed  with 
water  it  decomposes  almost  immediately,  giving  rise  to  ammonium 
bicarbonate  : 

CHNO  +  H2O  -  CO2  +  NH3. 

In  consequence  of  this  decomposition,  cyanic  acid  cannot  be  sepa- 
rated from  a  cyanate  by  a  stronger  acid.  A  trace  of  it,  however, 
always  escapes  decomposition,  and  communicates  to  the  carbon 
dioxide  evolved  a  pungent  smell  similar  to  that  of  sulphurous  acid. 
The  cyanates  may  be  easily  distinguished  by  this  smell,  and  by  the 
simultaneous  formation  of  an  ammonia-salt,  which  remains  behind. 

Pure  cyanic  acid  cannot  be  preserved  :  shortly  after  its  prepara- 
tion it  changes  spontaneously,  with  sudden  rise  of  temperature,  into 
a  solid,  white,  opaque,  amorphous  substance,  called  ajamdide.  This 
body  has  the  same  composition  as  cyanic  acid  :  it  is  insoluble  in 
water,  alcohol,  ether,  and  dilute  acids  :  it  dissolves  in  strong  oil  of 
vitriol  by  the  aid  of  heat,  with  evolution  of  carbon  dioxide  and  pro- 
duction of  ammonia ;  boiled  with  a  solution  of  caustic  alkali,  it 
dissolves,  ammonia  being  disengaged,  and  a  mixture  of  cyanate  and 
cyamirate  of  the  base  generated.  By  diy  distillation  it  is  recon- 
verted into  cyanic  acid. 
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Potassium  Cyanate,  CNKO. — Of  this  salt  there  are  two  modifica- 
tions, viz., 

N=C-OK      and  CO=NK 

Normal  cyanate.  Isocyanate. 

The  normal  cyanate,  formed  hj  passing  gaseous  cyanogen  chloride 
(p.  101)  into  cold  aqueous  potash,  crystallises  in  long  needles,  and 
is  converted  by  fusion  into  the  isocyanate. 

The  isocyanate  (ordinary  potassium  cyanate)  is  best  prepared 
by  oxidising  potassium  cyanide  with  litharge.  The  cyanide, 
already  containing  a  portion  of  cyanate,  described  at  page  83,  is 
remelted  in  an  earthen  crucible,  and  finely  powdered  lead  oxide 
added  by  small  portions ;  the  oxide  is  instantaneously  reduced,  and 
the  metal,  at  first  in  a  state  of  minute  division,  ultimately  collects 
to  a  fused  globule  at  the  bottom  of  the  crucible.  The  salt  is  poured 
out,  and,  when  cold,  powdered  and  boiled  with  alcohol ;  the  hot 
filtered  solution  deposits  crystals  of  potassium  isocyanate  on  cooling. 
The  great  deoxidising  power  exerted  by  potassium  cyanide  at  a  high 
temperature  renders  it  a  valuable  agent  in  many  of  the  finer  metal- 
lurgic  operations. 

Another  method  of  preparmg  the  isocyanate  is  to  mix  dried  and 
finely  powdered  potassium  ferrocyanide  with  half  its  weight  of 
equally  dry  manganese  dioxide ;  heat  this  mixtiu-e  in  a  shallow 
iron  ladle,  with  free  exposure  to  air  and  frequent  stirring,  until  the 
tinder-like  combustion  is  at  an  end;  and  boil  the  residue  in  alcohol, 
which  extracts  the  isocyanate. 

The  salt  crystallises  from  alcohol  in  thin,  colomiess,  transparent 
plates,  which  sufi'er  no  change  in  dry  air,  but  on  exposure  to 
moisture  are  gradually  converted,  without  much  alteration  of  ap- 
pearance, into  potassium  bicarbonate,  ammonia  being  at  the  same 
time  given  off.  Water  dissolves  potassium  isocyanate  in  large  quan- 
tity ;  the  solution  is  slowly  decom^Josed  in  the  cold,  and  rapidly  at 
a  boiling  heat,  into  potassium  bicarbonate  and  ammonia.  When  a 
concentrated  solution  is  mixed  -with  a  small  quantity  of  dilute 
mineral  acid,  a  precipitate  falls,  consisting  of  acid  potassium  cyanu- 
rate.  Potassium  isocyanate  is  reduced  to  cyanide  by  ignition  with 
charcoal  in  a  covered  crucible.  Mixed  with  solutions  of  lead  and 
silver,  it  gives  rise  to  white  insoluble  isocyanates  of  those  metals. 

Ammonmm  Cyanate  (probablj^  z'so),  CN2H4O,  or  NH^GNO. — T^'hen 
the  vapour  of  cyanic  acid  is  mixed  M-ith  excess  of  animoniacal  gas,  a 
white,  crystalline,  solid  substance  is  produced,  which  has  all  the 
characters  of  a  true,  although  not  neiitral  ammonium  cyanate.  It 
dissolves  in  water,  and  it  mixed  -udth  an  acid,  evolves  carbon 
dioxide:  with  an  alkali,  it  yields  ammonia.  But  if  the  solution  be 
heated,  or  if  the  crystals  be  merely  exposed  for  a  certain  time  to  the 
air,  a  portion  of  ammonia  is  dissipated,  and  the  properties  of  the 
compound  are  completely  clianged.  It  may  now  be  mixed  with 
acids  without  the  least  sign  of  decomposition,  and  does  not  evolve 
the  smallest  trace  of  ammonia  when  treated  with  cold  caustic  alkali 
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The  result  of  this  transformation,  as  already  observed  (p.  1),  is 
urea. 

Cyanuric  Acid,  C3N3H3O3. — This  substance  maybe  prepared 
by  heating  dry  and  pure  urea  in  a  flask  or  retort :  the  urea  melts, 
boils,  gives  off  ammonia  in  large  quantity,  and  at  length  becomes 
converted  into  a  dirty-white,  solid,  amorphous  mass,  which  is  im- 
pure cyanuric  acid.  This  is  dissolved  by  the  aid  of  heat  in  strong 
oil  of  vitriol,  and  nitric  acid  added  by  small  portions  till  the  liquid 
becomes  nearly  colourless  ;  it  is  then  mixed  with  water,  and  left  to 
cool,  whereupon  the  cyanuric  acid  separates.  The  urea  may  like- 
wise be  decomposed  very  conveniently  by  gently  heating  it  in  a 
tube,  while  dry  chlorine  or  hydrochloric  acid  gas  passes  over  it.  A 
mixture  of  cyanuric  acid  and  sal-ammoniac  results,  which  is  sepa- 
rated by  dissolving  the  latter  in  water.  The  reaction  with  chlorine 
is  represented  by  the  equation  : 

3CON2H,  +  CI3  =  C3N3H3O3  +  2NH4CI  -f  HCl  -}-  N. 

g  Cyamiric  acid  forms  colourless  efflorescent  crystals,  seldom  of 
large  size,  derived  from  an  oblique  rhombic  prism.  It  is  very 
little  soluble  in  cold  water,  and  requires  24  parts  for  solution  at  a 
boiUng  heat:  it  reddens  litmus  feebly,  has  no  odour,  and  but  little 
taste.  The  acid  is  tribasic:  the  crystals  contain  C3N3H3O3.2  aq., 
and  are  easily  deprived  of  their  water  of  crystallisation.  In  point 
of  stability,  cyanuric  acid  offers  a  most  remarkable  contrast  to  its 
isomeride,  cyanic  acid  ;  it  dissolves,  as  above  indicated,  in  hot  oil  of 
vitriol,  and  even  in  strong  nitric  acid,  without  decomposition,  and, 
in  fact,  crystallises  from  the  latter  in  the  anhydrous  state.  Long- 
continued  boiling  with  these  powerful  agents  resolves  it  into  am- 
monia and  carbonic  acid. 

The  connection  between  cyanic  acid,  urea,  and  cyanuric  acid, 
may  be  thus  recapitulated  : 

Ammonium  cyanate  is  converted  by  heat  ini;o  urea. 

Urea  is  decomposed  by  the  same  means  into  cyanuric  acid  and 
ammonia. 

Cyanuric  acid  is  changed  by  a  very  high  tcmperatiire  into  cyanic 
acid,  one  molecule  of  cyanuric  acid  splitting  into  thi'ee  mole- 
cules of  cyanic  acid. 


Cyanic  and  Cyanuric  Ethers. 

Of  each  ^  of  these  ethers  there  are  two  series,  analogous  to 
the  alcoholic  cyanides  and  isocyanides.  The  difference  of  their 
structure  is  exhibited  by  the  follo\ving  formulie,  taking  the  methyl- 
compounds  as  examples : 

N=C-0-CH3  or  C  |  ^^^^     0=C=N-CH3  or  N  j 

Normal  cyanate.  Isocyanate. 
FOWNES. — VOL.  II.  (J 
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The  corresponding  cyanuric  etliers  are  represented  by  the  formulas, 

C  /  ^3        and  N  I 

The  normal  cyanic  ethers,  discovered  by  Cloez,  and  the  normal 
cyaauric  ethers,  discovered  by  Hofmann,*  are  produced  simultane- 
ously by  the  action  of  gaseous  cyanogen  chloride  on  the  sodium- 
alcohols:  normal  ethyl  cyanate,  for  example,  from  cyanogen  chloride 
and  sodium  ethylate  ;  thus  : 

C  j  NaOC^Hs  =  NaCl  -f  C  j  qq^-q^^ 

They  are  decomposed  by  water,  assisted  by  acids  or  bases,  into 
cyanic  or  cyaniu'ic  acid  and  an  alcohol :  e.g. : 

C{0CA  +  HOH  =  HOC  A  +  C{gjj_ 

The  cyanates  of  methyl,  ethyl,  and  amyl  are  colourless,  oily 
liquids,  decomposed  by  heat  into  a  volatile  portion  and  a  solid 
residue.    The  correspondmg  cyanurates  are  crystalline  solids. 

The  isocyanic  and  isocyanuric  ethers,  or  alcoholic  car- 
bimides,  are  produced  simultaneously  by  distilling  a  dry  mixture 
of  potassium  isocyanate  and  methylsulphate,  ethylsulphate,  &c.,  e.g. : 

^j(co)^c,H,|go,  =  K,so, -^Njm, 

Ethylic  isocyanate  and  isocyanurate  thus  obtained  are  easily  sepa- 
rated by  distillation,  the  former  boiling  at  60°,  the  latter  at  276°. 
The  former  is  a  mobile  liquid,  the  latter  a  crystalline  solid,  melting 
at  85°.  The  isocyanurate  may  likewdse  be  obtained  by  distilling  a 
mixture  of  potassium  cyaniu-ate  and  ethylsulphate. 

The  ethers  of  this  class,  when  heated  with  a  strong  solution  of 
caustic  alkali,  are  resolved  into  carbon  dioxide  and  an  alcoholic 
ammonia  or  amine,  e.g. : 

Methyl  isocyanate.  Metliylamine. 
rulminic  Acid,  CjNjHgOa. — This  compound,  polymeric  with 
cyanic  and  cyanuric  acids,  is  one  of  the  products  formed  by  the  action 
of  nitrous  acid  upon  alcohol  in  presence  of  a  salt  of  silver  or  mer- 
cury. The  acid  itself,  or  hydrogen  fulminate,  has  not  been  ob- 
tained. 

Silver  fulminate  is  prepared  by  dissolving  40  or  50  grains  of 
silver,  which  need  not  be  pure,  in  about  |  oz.  by  measure  of  nitric 
acid  of  sp.  gr.  1'37,  with  the  aid  of  a  little  heat.  To  the  highly  acid 
solution,  while  still  hot,  2  measured  ounces  of  alcohol  are  added, 
and  heat  is  applied  mitil  reaction  commences.    The  nitric  acid 

*  The  isocyanic  and  isocyanuric  ethers  having  been  discovered  first  (by 
Wurtz  iu  ISi'S),  were  originally  called  cyanic  and  cyanuric  ethers. 
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oxidises  part  of  the  alcohol  to  aldehyde  and  oxalic  acid,  becomino' 
itself  reduced  to  nitrous  acid,  which,  in  turn,  acts  upon  the  alcohol 
in  such  a  manner  as  to  form  nitrous  ether,  fulminic  acid,  and  water 

I  molecule  of  nitrous  ether  and  1  molecule  of  nitrous  acid  contain- 
ing the  elements  of  1  molecule  of  fulminic  acid  and  2  molecules  of 
water  : 

C2H5NO2  +  HNO2  =  C^NaH.Oa  +  2B,0 . 

The  silver  fulminate  slowly  separates  from  the  hot  liquid,  in 
the  form  of  small,  brilliant,  white,  crystalline  plates,  which  may 
be  washed  with  a  little  cold  water,  distributed  ui^ou  separate  pieces 
of  hlter-paper  m  portions  not  exceeding  a  grain  or  two  each,  and 
left  to  cU-y  m  a  warm  place.  When  diy,  the  papers  are  folded  up 
and  preserved  m  a  box.  The  only  perfectly  safe  method  of  keep- 
mg  the  salt  is  by  immersing  it  in  water.  Silver  fulminate  is 
soluble  m  36  parts  of  boiling  water,  but  the  greater  part  crystal- 
lises out  on  coolmg  :  it  is  one  of  the  most  dangerous  substances 
known,  exploding  with  fearful  violence  when  strongly  heated,  or 
when  rubbed  or  struck  with  a  hard  body,  or  when  touched  with 
concentrated  sulphuric  acid  :  the  metal  is  reduced,  and  a  large 
volume  of  gaseous  matter  suddenly  liberated.  Nevertheless, 
when  very  cautiously  mixed  with  copper  oxide,  it  may  be  burned 
111  a  tube  with  as  much  facility  as  any  other  organic  substance. 
A    ,';Omposition  thus  determined  is  expressed  by  the  formula 

Fulminic  acid  is  bibasic  :  when  silver  fulminate  is  digested  with 
caustic  potash,  one-half  of  the  silver  is  precipitated  as  oxide,  and 
a  sdver-potassttcm  fulminate,  AgKC^N^O^,  is  produced,  which 
resembles  the  neutral  silver-salt,  and  detonates  by  a  blow  Cor- 
re.sponding  compounds  containing  sodium  or  ammonium  exist; 
but  a  pure  fulnimate  of  an  alkali-metal  has  never  been  formed. 

II  silver  fulmmate  be  digested  with  water  and  copper,  or  zinc,  the 
sdver  is  entirely  displaced,  and  a  fulminate  of  the  other  metal 
produced.  The  zmc-salt  mixed  with  baryta-water  gives  rise 
7°  pX?''/?^ '^^'^  °^  zmc  oxide,  while  zinco-baric  fulmmate, 
/-n±ia(L2N202)2,  remains  m  solution.-ilferciMic  fulminate,  HgCVN.O.,, 
IS  prepared  by  a  process  very  similar  to  that  by  which  the  silvei^- 
■  alt  IS  obtained.  One  part  of  mercury  is  dissolved  in  12  parts 
0  nitric  acid ;  the  solution  is  mixed  with  an  equal  quantity  of 
alcohol ;  and  gentle  heat  is  applied,  the  reaction,  if  too  violent,  being 
moderated  by  adding  more  spirit  from  time  to  time.  Much  cai- 
r-onic  acid,  nitrogen,  and  red  vapours  are  disengaged,  together  with 
a  large  quantity  of  nitn.us  ether  and  aldehyde  :  tliese  are  sometimes 
condensed  and  collected  for  sale,  but  are  said  to  contain  hydrocyanic 
acid,  ihe  mercuric  fulminate  separates  from  tlie  hot  liquid,  and 
atter  cooling  may  be  purified  from  an  admixture  of  reduced  metid 
by  solution  in  boiling  water  and  re-crystallisation.  It  much  re- 
sembles the  silver-salt  in  appearance^  properties,  and  defrree  of 
aolubility.     It  explodes  violently  by  friction  or  percussion,  but 
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unlike  the  silver-compoiincl,  merely  burns  -with  a  sudden  and 
almost  noiseless  flash  when  kindled  in  the  open  air.  It  is  manu- 
factured on  a  large  scale  for  the  purpose  of  charging  percussion-ca-ps ; 
sulphur  and  potassium  chlorate,  or  more  frequently  nitre,  are  added, 
and  the  powder,  pressed  into  the  cap,  is  secured  hy  a  drop  of 
varnish.  .  . 

The  relation  of  composition  between  the  three  isomeric  acids  is 
shown  by  comparison  of  their  silver-salts  :  the  first  acid  is  monobasic, 
the  second  bibasic,  and  the  third  tribasic  : 

Silver  cyanate,  Ag  C  N  0 

Silver  fulminate,  -A-g2C2N202 

Silver  cyanurate,  Ag3C3N303 . 

Fulminic,  as  well  as  cyanic  acid,  may  be  converted  into  urea. 
Dr.  Gladstone  has  shown  that,  when  a  solution  of  copper  fulminate 
is  mixed  with  excess  of  ammonia,  filtered,  treated  with  sulphuretted 
hydrogen  in  excess,  and  again  filtered  from  the  insoluble  copper 
sulphide,  the  liquid  obtained  is  a  mixed  solution  of  urea  and 
ammonium  thiocyanate. 

Another  view  regarding  the  constitution  of  fulminic  acid  was 
proposed  by  Gerhardt.  The  fulminates  may  be  considered  as 
methyl  cyanide  (acetonitril),  in  which  one  atom  of  hydrogen  is 
replaced  by  NOg  and  2  atoms  of  hydrogen  by  mercury  or  silver  : 

C  H    H  H  ON      .       .       .       Methyl  cyanide. 
C(N02)AgAgCN       .       .       .       Silver  fulminate. 
CCNOg)  Hg"  CN       .       .       .       Mercuric  fulminate. 

This  view  has  received  some  support  by  the  interesting  observa- 
tion, made  by  Kekule,  that  the  action  of  chlorine  upon  mercuric 
fulminate  gives  rise  to  the  formation  of  chloropicrin,  C(N02)Cl3 
(p.  80).  The  connection  of  fulminic  acid  with  the  methyl  series  is 
thus  established. 

Fulminuric  Acid,  C3N3H3O3.— This  acid,  isomeric  vdth  cyan- 
uric  acid,  was  discovered  simultaneously  by  Liebig  and  by 
Schischkofl".  It  is  obtained  by  the  action  of  a  soluble  chloride 
upon  mercuric  fulminate.  On  boiling  mercuric  fulminate  with  an 
aqueous  solution  of  potassium  chloride,  the  mercury  salt  gradually 
dissolves,  and  the  clear  solution,  after  some  time,  becomes  turbid, 
in  consequence  of  a  separation  of  mercuric  oxide  ;  it  then  contains 
potassium  fulminurate  : 

3HgC2N202  +  8KC1  +  H2O  =  4KC1  +  2HgCl2  +  HgO  + 

If  instead  of  potassium  chloride,  sodium  or  ammonium  chloride 
be  employed,  the  corresponding  sodium  and  ammonium-compounds 
are  obtained.  The  fulmimu-ates  crystallise  with  great  facility  : 
they  are  not  explosive. 
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Fulmiuiiric  acid  has  the  same  composition  as  cyannric  acid,  but  it 
is  bibasic,  whereas  cyanuric  acid  is  tribasic. 

Cyanogen  Chlorides. — Chlorine  forms  with  cyanogen,  or  its 
elements,  two  compounds,  which  are  polymeric,  and  analogous  to 
cyanic  and  cyanuric  acids.  Gaseous  cijanogen  chloride,  CyCl,  is 
formed  by  passing  chlorine  gas  into  anhydrous  hydrocyanic  acid,  or 
by  passing  chlorine  over  moist  mercuric  cyanide  contained  in  a  tube 
sheltered  from  the  light.  It  is  a  permanent  and  colourless  gas  at 
the  temperature  of  the  air,  of  insupportable  pungency,  and  soluble 
to  a  very  considerable  extent  in  water,  alcohol,  and  ether.  At  — 18° 
it  congeals  to  a  mass  of  colourless  crystals,  which  at  — 15°  melt  to  a 
liquid  whose  boiling  point  is  -11-6°.  At  the  temperature  of  the 
air  it  is  condensed  to  the  liquid  form  under  a  pressure  of  four  atmo- 
spheres, and  when  long  preserved  in  this  state  in  hermetically  sealed 
tubes,  gradually  passes  into  the  solid  modification. 

On  passing  gaseous  cyanogen  chloride  into  a  solution  of  ammonia 
in  anhydrous  ether,  cyanamide,  CNgHg,  is  formed  together  with 
sal-ammoniac. 

Solid  cyanogen  chloride,  C3N3CI3,  or  Cy3Cl3,  is  generated  when 
anhydrous  hydrocyanic  acid  is  put  into  a  vessel  of  chlorine  gas,  and 
the  whole  exposed  to  the  sun :  hydrochloric  acid  is  formed  at  the 
same  time.  It  forms  long  colourless  needles,  which  exhale  a  power- 
ful and  offensive  odour,  compared  by  some  to  that  of  the  excrement 
of  mice  ;  it  melts  at  140°,  and  sublimes  unchanged  at  a  higher  tem- 
perature. When  heated  in  contact  with  water,  it  is  decomposed  into 
cyanuric  and  hydrochloric  acid  It  dissolves  in  alcohol  and  ether 
without  decomjDosition. 

Cyanogen  Bromide  and  Iodide  correspond  with  the  first  of  the  pre- 
ceding compounds,  and  are  prepared  by  distilling  bromine  or  iodine 
with  mercuric  cyanide.  They  are  colourless,  volatile,  solid  sub- 
stances, of  powerful  odour. 

Cyanogen  Sulphide,  CaNjS,  or  CyjS,  recently  obtained  by  Linne- 
mann  by  the  action  of  cyanogen  iodide  upon  silver  thiocyanate, 
crystallises  in  transparent,  volatile,  rhombic  plates,  having  an  odour 
similar  to  that  of  cyanogen  iodide.  It  melts  at  60°,  but  decomposes 
rapidly  at  a  higher  temperature  ;  dissolves  in  ether,  alcohol,  and 
water,  and  separates  from  hot  concentrated  solutions,  on  cooling,  in 
the  crystalline  form. 

Thiocyanic  Acid,  CNHS,  also  called  Sulphocyanic  acid. — This 
acid  is  the  sulphur  analogue  of  cyanic  acid,  and,  like  the  latter,  is 
nionol)asic,  the  thiocyanates  of  monad  metals  being  represented  by 
the  formula  MONS. 

Potassium  Thiocyanate,  CNKS. — To  prepare  this  salt,  yellow 
potassium  ferrocyanide,  deprived  of  its  water  of  crystallisation,  is 
intimately  mixed  with  half  its  weiglit  of  sulphur,  and  the  whole 
heated  to  tranquil  fusion  in  an  iron  pot,  and  ke]it  for  some  time  in 
that  condition.  When  cold,  the  melted  mass  is  boiled  with  water, 
which  dissolves  out  a  mixture  of  potassium  thiocyanate  and  iron 
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thiocyanate,  leaving  little  behind  but  the  excess  of  .sulphur. 
This  solution,  which  becomes  red  on  exposure  to  the  air,  trom 
oxidation  of  the  iron,  is  mixed  with  potassiiun  carbonate,  by  whjch 
the  iron  is  precipitated,  and  potassium  substituted :  an  excess  of 
the  carbonate  must  be,  as  far  as  possible,  avoided.  The  filtered 
liquid  is  concentrated,  by  evaporation  over  an  open  fire,  to  a  small 
bulk,  and  left  to  cool  and  crystallise.  The  crystals  are  drained, 
purified  by  re-solution,  if  necessary,  or  dried  by  enclo.smg  them, 
spread  on  filter-paper,  over  a  surface  of  oil  of  vitriol  covered  with 

a  bell-iar.  .     j.  •  i 

The  reaction  between  the  sulphur  and  the  potassium  lerrocyanicte 

is  represented  by  the  equation : 

K.FeCoNe  +  S3  =  4KCNS  +  Fe(CNS)2. 
Another,  and  even  better  process,  consists  in  gradually  heating 
to  low  redness  in  a  covered  vessel  a  mixture  of  46  parts  of  dried 
potassium  ferrocyanide,  32  of  sulphur,  and  17  of  pure  potassium 
carbonate.  The  mass  is  exhausted  with  water,  the  acpieous  solu- 
tion is  evaporated  to  dryness,  and  the  residue  is  exhausted  with 
alcohol.  The  alcoholic  liquid  deposits  splendid  crystals  on  cooling 
or  evaporation. 

Potassium  thiocyanate  crystallises  in  long,  slender,  colourless 
prisms,  or  plates,  which  are  anhydrous  :  it  has  a  bitter  salme  taste, 
and  is  destitute  of  poisonous  properties :  it  is  very  soluble  in  water 
and  alcohol,  and  deliquesces  when  exposed  to  a  moist  atmosphere. 
When  heated,  it  melts  to  a  colourless  liquid,  at  a  temperatm-e  far 
belo  sv  that  of  ignition. 

Chlorine,  passed  into  a  strong  solution  of  potassium  thiocyanate, 
throws  down  a  'large  quantity  of  a  bulky,  deep  yellow,  insoluble 
substance,  formerly  called  sulphocyanogen,  from  its  supposed 
identity  with  the  radicle  of  the  sulphocyanates :  it  is,  hoM-ever, 
invariably  found  to  contain  hydrogen,  and  is  represented  by  the 
formula  C3N3HS3.  This  yellow  substance,  now  generally  called 
persulphocy anogen,  is  quite  insoluble  in  water,  alcohol,  and 
ether.  When  heated  in  the  dry  state,  it  evolves  sulphur  and  car- 
bon bisulphide,  and  leaves  a  pale,  straw-yellow  substance,  called 
hydromellone,  CgNgHg,  the  decomposition  being  represented  by 
the  equation: 

3C3N3HS3  =  3CS2  -t-  S3  -f-  CeN9H3. 
Hydrogen  Tliiocyanate,  or  Thiocyanic  Acid,  HONS,  is  obtained  by 
decomposing  lead  thiocyanate,  suspended  in  water,  with  sulphiu-et- 
ted  hydrogen.  The  filtered  solution  is  colourless,  very  acid,  and 
not  poisonous  :  it  is  easily  decomposed,  in  a  very  complex  manner, 
by  ebullition,  and  by  exposure  to  the  air.  By  neutralising  the 
liquid  with  ammonia,  and  evaporating  very  gently  to  dryness, 
ammonium  thiocyanate,  NH^CNS,  is  obtained  as  a  deliquescent, 
saline  mass.  Tlie  salt  may  be  conveniently  prepared  by  digesting 
hydrocyanic' acid  with  yellow  ammonium  sulphide  (containing 
excess  of  sulphur),  and  boiling  off  the  excess  of  the  latter  : 
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2HCN  +  (NH,)2S  +  8.3  =  H,S  +  2(NH,)CNS. 

Tliethiocyanatesof  sodmm,  barmm,stro7itmm,  calcmmymanganesejand 
ferrous  th'iocyanate,  are  colourless  and  very  soluble  ;  those  of  Zead  and 
silver  are  white  and  insoluble.  A  soluble  thiocyanate  mixed  with  a 
i'erric  salt  gives  no  precipitate,  but  causes  the  liquid  to  assume  a 
blood-red  tint :  hence  the  use  of  potassium  thiocyanate  as  a  test  for 
iron  in  the  state  of  ferric  salt.  The  red  colour  produced  by  thio- 
cyanates  in  ferric  solutions  is  exactly  like  that  caused  under  similar 
circumstances  by  meconic  acid.  The  two  substa.nces  may,  however, 
be  readily  distinguished  by  the  addition  of  a  solution  of  gold 
chloride,  which  destroys  the  colour  produced  by  thiocyanates. 
The  ferric  meconate  may  also  be  distinguished  from  the  thiocyanate 
by  an  addition  of  corrosive  sublimate,  which  bleaches  the  thio- 
cyanate, but  has  little  effect  upon  the  meconate.  This  is  a  point  of 
considerable  practical  importance,  as  in  medico-legal  inquiries,  in 
which  evidence  of  the  presence  of  opium  is  sought  for  in  complex 
organic  mixtures,  the  detection  of  meconic  acid  is  usually  the  object 
of  the  chemist ;  and  since  traces  of  alkaline  thiocyanate  are  to  be 
found  in  the  saliva,  it  becomes  very  desirable  to  remove  that  source 
of  error  and  ambiguity. 

The  great  facility  with  which  hydrocyanic  acid  may  be  converted 
into  ammonium  thiocyanate  enables  us  to  ascertain  its  presence  by 
the  iron  test  just  described.  The  cyanide  to  be  examined  is  mixed 
in  a  watch-glass  with  some  hydrochloric  acid  and  covered  with 
another  watch-glass,  to  which  a  few  drops  of  yellow  ammonium  sul- 
phide adhere.  On  heating  the  mixture,  hydrocyanic  acid  is  dis- 
engaged, which  combines  with  the  ammoniimi  sulphide,  and  pro- 
duces ammonium  thiocyanate :  this,  after  expulsion  of  the  excess  of 
sulphide,  yields  the  red  colour  with  solution  of  ferric  chloride. 

TMocyanic  Ethers.— These  ethers  exhibit  isomeric  modiiica- 
tions  analogous  to  those  of  the  alcoholic  cyanates  and  isocyanates 
(p.  97).  The  normal  thiocyanates  of  methyl  and  its  homologues  were 
discovered  by  Cahours ;  and  Hofmann  has  obtained  the  correspond- 
ing isothiocyanates.  The  same  chemist  some  years  ago  obtained 
phenyl  isothiocyanate.  Allyl  thiocyanate  has  long  been  known  as 
a  natiu'al  product. 

Normal  Ethyl  Thiocyanate,  C  j  g  qjj  ,  is  obtained  by  saturating  a 

concentrated  solution  of  potassium  thiocyanate  with  ethyl  chloride : 

C|^K  +  GACl  =  KCl  +  c|f^,^H^j 

also  by  distilling  a  mixture  of  calcium  ethylsulphate  and  potassium 
thiocyanate.  It  is  a  mobile,  colourless,  strongly  refracting  Liquid, 
having  a  somewhat  pungent  odour  like  that  of  mercaptan.  It  boils 
at  146°.  With  ammonia  it  does  not  combine  directly,  but  yields 
products  of  decomposition. 
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The  methyl  and  amyl  thiocyanic  ethers  resemhle  the  ethyl  com- 
pound, and  are  obtained  by  similar  processes.  The  methyl  ether 
boils  at  about  132°;  the  amyl  ether  at  197°. 

(  (CSV  •  ' 

Ethyl  Isothiocyanate,  or  Ethylic  TliiocarUmide,  ^  <  ^  jj  ,  is  pro- 
duced by  distillmg  diethyl- thiocarbamide  with  phosphoric  oxide, 
which  abstracts  ethylamine : 

Diethyl-thiocarb-  Ethylamine.  Ethyl-isothio- 

amide.  cyanate. 

This  ether  differs  essentially  in  aU  its  properties  from  ethyl  thio- 
cyanate.  It  boils  at  134°,  and  has  a  powerfully  irritating  odour, 
like  that  of  mustard-oil,  and  quite  different  from  that  of  normal 
ethyl  sulphocyanate.  It  unites  directly  with  ammonia  iu  alcoholic 
solution,  forming  ethylthiocarbamide,  N2(CS)"(C2H5)H3,  and  forms 
similar  compounds  with  methylamine  and  ethylamine.  The  pun- 
gent odour,  and  the  direct  combination  with  ammonia  and  amines, 
are  characteristic  of  all  the  ethers  of  this  group. 

Phemjl  Isothiocyanate,  N(CS)"(C6H5),  is  obtained  by  distillmg 
phenysulphocarbamide,  N2(GS)"(C6H5)H3,  with  phosphoric  oxide; 
naphthyl  isothiocyanate,  N(CS)"(CioH7),  in  like  manner  from  dinaph- 
thvlsulphocarbamide.    The  former  boils  at  220°. 

Allyl  Isothiocyanate,  or  Allylic  Thiocarbimide,  ^  . — This 

is  the  intensely  pungent  volatile  oil  obtained  by  distilling  tlie  seeds 
of  black  mustard  with  water.  It  does  not  exist  ready -formed  in  the 
seeds,  but  is  produced  by  the  decomposition  ofmyronic  acid  imder 
the  influence  of  my  rosin,  an  albuminous  substance  analogous  to 
the  synaptase  of  bitter  almonds.  The  same  compound,  or  per- 
haps its  isomeride,  normal  allyl  thiocyanate,  is  produced  by  the 
action  of  potassium  thiocyanate  or  silver  thiocyanate  on  allyl  iodide 
or  allyl  oxide. 

Oil  of  mustard  is  a  transparent,  colourless,  strongly  refi-acting  oil, 
possessing  in  the  highest  degree  the  sharp  penetrating  odoiu-  of  black 
mustard.  The  smallest  c^uantity  of  the  vapoiir  excites  tears,  and  is 
apt  to  produce  inflammation  of  the  ej^es.  It  has  a  burning  taste,  and 
rapidly  blisters  the  skin.  Its  specific  gravity  is  1  -009  at  15°.  It  boils 
at  148°.  It  is  sparingly  soluble  in  M'ater,  easily  soluble  in  alcohol 
aud  ether;  dissolves  sulphur  and  phosphorus  when  heated,  and 
deposits  them  in  the  crystalline  state  on  cooling.  It  is  violently 
oxidised  by  nitric  and  by  nitromiiriatic  acid.  Heated  in  a  sealed 
tul)e  with  potassium  monosulphide,  it  yields  potassium  thiocyanate 
and  allyl  sulphide  (volatile  oil  of  garlic). 

2(C3H,)NCS  +  K^S  =  2KCNS  +  {C,li,)^S. 
It  likewise  yields  garlic  oil  when  decomposed  by  potassium.  Heated 
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to  120°  in  a  sealed  tube  with  pulverised  soda-lime,  it  yields  sodium 
thiocyanate  and  allyl  oxide,  the  oxidised  constituent  of  garlic 
oil: 

2(C3H5)NCS  +  Na^O  =  2NaCNS  +  {CsH.,)fi. 

Aqueous  potash,  soda,  baryta,  and  the  oxides  of  lead,  silver,  and 
mercury,  in  presence  of  water,  convert  oil  of  mustard  into  sinapo- 
line,  C7H12N2O,  with  formation  of  metallic  sulphide  and  carbonate; 
thus : 

2(C3H5)NCS  +  3PbO  +  H2O  =  2PbS  +  PbCOj  +  C^HiaN^O. 

SinapoUne  is  a  basic  substance,  which  crystallises  in  colourless 
plates,  soluble  iu  water  and  alcohol,  and  having  a  distinct  alkaline 
reaction. 

Oil  of  mustard  readily  unites  with  ammonia,  forming  thiosina- 

(  (CS)" 

mine,    C^HgNS  .  NH3,   or    allyl-thiocarbamide,   N2  <  C3H5. 

(  H3 

which  is  also  a  basic  compound,  forming  colourless  prismatic 
crystals,  having  a  bitter  taste,  and  soluble  in  water.  The  solution 
does  not  affect  test-paper.  Thiosinamine  melts  when  heated,  but 
cannot  be  sublimed.  Acids  combine  with  it,  but  do  not  form 
crystallisable  salts  ;  the  double  salts  of  the  hydrochloride  with 
platinic  and  mercuric  chlorides  are  the  most  definite, 

Thiosinamine  is  decomposed  by  metallic  oxides,  as  lead  oxide  or 
mercuric  oxide,  with  production  of  a  metallic  sulphide  and  sina- 
mine,  C4HgN2,  a  basic  compound  which  crystallises  very  slowly 
from  a  concentrated  aqueous  solution,  in  brilliant,  colourless  crystals 
containing  water.  It  has  a  powerfully  bitter  taste,  is  strongly  alka- 
line to  test-paper,  and  decomposes  ammonium-salts , at  the  boiling 
heat.  Its  oxalate  is  crystallisable.  The  formation  of  sinamine  from 
thiosinamine  by  the  action  of  mercuric  oxide  is  represented  by  the 
equation,  C^HgNaS  +  HgO  =  HgS  +  H2O  +  C^H^'^^  ■ 

Seleniocyanates. — A  series  of  salts  containing  selenium,  and 
corresponding  in  composition  and  properties  with  the  thiocyan- 
ates,  have  been  discovered  and  examined  by  Mr.  Crookes.* 


AMIDO-DERIVATIVES  OF  CYANIC  AND  OYANUBIC  ACIDS. 

Cyanamide,  CN.NHj ,  is  formed  by  the  action  of  chloride  or 
bromide  of  cyanogen  on  ammonia  dissolved  in  ether  : 

CNCl  +  NH3  =  HCl  -f-  CN.NH2, 
also  by  the  action  of  carbon  dioxide  on  sodamide,  NHaNa  : 

CO2  4-  2NH2Na  =  2NaOH  +  CN.NH2, 
and  by  desulphurising  thiocarbamide  with  oxide  of  lead  or  mercury : 
CS(NH2)2  +  0  =  CN2H2  +  H2O  -t-  S. 
*  Journal  of  tlio  Chemical  Society,  iv.  12. 
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Cyanamide  forms  colourless  crystals,  easily  soluble  in  water,  alcoliol, 
and  ether,  melting  at  40"".  The  solutions  give  v.'ith  ammoniacal 
silver  nitrate  a  yellow  precipitate  of  argentocyanamide,  CNgAg,,  and 
with  cupric  sulphate  a  black  precipitate  of  cuprocyanamide,  CNgGu. 
By  nitric,  sulphuric  or  phosphoric  acid  cyanamide  is  converted  into 
carbamide,  CO(NH2)2.  lu  this  and  most  of  its  reactions  it  be- 
haves as  if  it  had  the  structure  of  carbodiimide,  C^^-g;  thus : 

Hydrogen  suliDhide  converts  it,  in  like  manner,  into  thiocarba- 
mide,  CS(NH,)2. 

Alcoholic  derivatives  of  cyanamide  are  formed  by  the  action  ot 
cyanogen  chloride  on  primary  amines  dissolved  in  ether : 

C0H5.NH2    +    CNCl    =    HCl    -f  CN.NH(C2H5); 

Ethylamine.  Etliylcyanamide. 
also  by  heating  the  corresponding  thiocarbamides  with  mercuric 
oxide  and  water : 

CS<^g^^2H5)  ^  HgO  =  HgS  -1-  H2O  +  CN.NHCCHj). 

Methyl-cyanamide  and  Ethyl-cycmmiide  are  thick  uncrystallisable 
syrups,  having  a  neutral  reaction,  and  easily  converted  into  poly- 
meric modifications. 

AUyl-cyanamide,  CN.NH(C3H5),  prepared  from  allyl-thiocarba- 
mide,  easily  changes  into  the  polymeric  compound,  triallymelam- 
ine,  C3NgH3(C3H5)3. 

Dicyanimide,  NH(CN)2,  is  formed  by  the  action  of  potash  on 
normal  potassium  cyanate  (p.  96)  : 

3(CN.0K)  +  KOH  =  NH(CN)2  +  CO3K2  -I-  Kfi. 

Dicyanodiamide,  C2N4H^  =  C2N2(NH2)2  (Param)  is  formed,  by 
polymerisation  of  cyanamide,  when  the  aqueous  solution  of  the 
latter  is  left  to  itself,  or  evaporated ;  also  when  thiocarbamide  is 
boiled  with  mercuric  oxide  or  silver  oxide.  It  is  easily  soluble  in 
water  and  in  alcohol,  and  crystallises  in  rhombic  plates,  melting  at 
205°.  On  adding  silver  nitrate  to  its  aqueous  solution,  the  com- 
pound C2N4H3Ag4-N03H  crystallises  out  in  silky  needles. 

Cyanuramides. — From  cyanuric  acid,  C3N3(OH)3,  may  be  de- 
rived three  amides,  viz. : 

i  ^^H^  ^bNs  {  C3N3(NH2)3 

Ammelide.  Ammeline.  Melamine. 

Melamine  or  Gyanuramide,  C3NgHg  =  N3  |  ^•''■^s),  is  formed 
by  polymerisation  of  cyanamide  when  the  latter  is  heated  to  150° ;  it 
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is,  however,  more  easily  prepared  by  heating  melam  with  potash - 
ley,  the  melam  being  then  resolved  into  melamiiie  and  am- 
lueline. 

Melamine  crystallises  in  shining  rhombic  octohedrons,  easily 
soluble  in  water,  but  insoluble  in  alcohol  and  ether,   It  forms  well- 

1  rystallised  salts  containing  1  equivalent  of  acid,  e.g.,  C3NgH„.HCl. 
When  boiled  with  acids  or  alkalis,  it  is  converted  successively,  by 
assumption  of  HjO  and  elimination  of  NHg,  into  ammeline, 
cimmelide,  and  cyauuric  acid. 

Triethyl-  and  trimethyl-melamine  are  formed  by  polymerisation 
of  ethyl-  and  methyl-cyanamide,  when  the  aqueous  solutions  of 
those  bodies  are  evaporated.  They  are  crystaUtne,  strongly  alkaline 
bodies,  which  are  converted,  by  boiling  with  hydrochloric  acid,  into 
the  corresponding  derivatives  of  ammeline,  and  ultimately  into 
isocyanuric  ethers. 

(  OH 

Ammeline,  CoN-H-O  =  CoN,  <  /-vrxr  \  ,  is  a  white  powder  in- 

soluble  in  water,  alcohol,  and  ether,  hut  soluble  in  acids  and  alkalis, 
and  forming  crystalline  salts,  which  are  decomposed  by  M^ater. 

Ammelide,  C3N4H4O2  =  ^3^3 1  *'(^^|  >  '^5    a  white  powder 

which  dissolves  in  alkalis  and  in  concentrated  acids,  but  does  not 
form  definite  salts  with  the  latter.  Its  ammoniacal  solution  gives 
with  silver  nitrate  a  white  precipitate  having  the  composition 

(  OH 

(nh, 

Melam,  CgHgNji,  is  a  buff-colonred,  insoluble,  amorphous  sub- 
stance, obtained  by  the  distillation  of  ammonium  thiocyanate  at  a 
high  temperature.  It  may  be  prepared  in  large  quantity  by  inti- 
mately mixing  1  part  of  perfectly  dry  potassium  thiocyanate  with 

2  parts  of  powdered  sal-ammoniac,  and  heating  the  mixture  for  some 
time  in  a  retort  or  flask  :  carbon  bisulphide,  ammonium  sulphide, 
and  sulphuretted  hydrogen,  are  disengaged  and  volatilised,  while  a 
mixture  of  melam,  potassium  chloride,  and  sal-ammoniac  remaijis ; 
the  two  latter  substances  ai'e  removed  by  washing  with  hot  water. 
Melam  dissolves  in  concentrated  sulphuric  acid,  and  gives,  by  dilu- 
tion with  M-ater  and  long  boiling,  cyanuric  acid.  The  same  sulj- 
stance  is  produced,  with  discmgagemtint  of  ammonia,  when  melam 
is  fused  with  potassium  hydrate.  When  strongly  heated,  melam  is 
resolved  into  mellone  and  ammonia : 

3C„NiiH„  =  2C„N,2  +  9NI-T3  ; 
and  by  prolonged  boiling  with  moderately  strong  caustic  potash,  it 
is  resolved  into  melamine  and  ammeline : 

CoNhHo    +    H^O    =    CgNoH,,    -»-  CgN.H.O 


108 


CYANOGEN-COMPOUNDS. 


Mellone  and  Mellonides. — The  name  mellone  was  given  by 
Liebig  to  a  yellow  insoluble  substance  obtained  as  a  residue  in  the 
decomposition  of  perthiocyanogen,  or  of  melam,  at  a  low  red  heat. 
The  composition  of  the  product  thus  obtained  varies  with  the  dura- 
tion of  the  heating.  If  the  decomposition  be  stopped  at  a  certain 
point,  the  product  has  the   composition  of  dicyanuramide, 


N3  <  (C3N3)'";  but  this  when  further  heated  still  gives  off  ammonia, 


and  becomes  continually  richer  in  carbon,  approaching,  in  fact,  con- 
tinually nearer  to  the  composition  of  tricyaniiramide,  09X12  = 
N3(C3N3)3,  which  is  probably  the  ultimate  product  of  the  decompo- 
sition, though  it  has  never  been  actually  attained,  the  product  always 
containing  a  small  quantity  of  hydrogen,  however  long  the  heating 
may  be  continued. 

Mellone  is  also  produced  by  ignition  of  ammonium  thiocyanate 
and  mercury  thiocyanate.  When  boiled  with  nitric  acid,  it  is 
resolved  Into  ammonia  and  cyanuric  acid. 

Mellonides,  CjNjgMg  (M  denoting  a  monatomic  positive 
m(licle).—Tripotassic  mellonide,  CgNjgKg,  is  produced  by  ignition  of 
potassium  thiocyanate,  the  preparation  being  greatly  facilitated  by 
the  presence  of  a  metallic  compound,  such  as  trichloride  of  antimony 
or  bismuth,  capable  of  taking  up  a  portion  of  the  sulphur  which  is 
set  free  as  carbon  sulphide.  It  may  also  be  prepared  by  fusing 
potassium  thiocyanate  with  crude  mellone,  or  the  ferrocyanide  with 
half  its  weight  of  sulphui-.  The  fused  mass  obtained  by  either  pro- 
cess is  dissolved  in  boiling  water,  from  whicli  the  tripotassic  mellonide 
crystallises  on  cooling  in  silky  needles,  containing  C9N13K3  +  5H2O, 
insoluble  in  alcohol  and  in  ether.  Acetic  acid  converts  this  salt 
into  dipotassic  mellonide,  C9N13K2H,  which  is  also  soluble.  Hydro- 
chloric acid  produces  the  monopotassic  salt,  C9iSri3KH2,  which  is 
insoluble.  These  three  salts  stand  to  each  other  in  the  same  rela- 
tion as  the  several  salts  of  phosphoric  and  cyanuric  acids.  Tri- 
potassic mellonide  produces,  with  soluble  silver  salts,  a  white 
precipitate,  C9Ni3Ag3 ;  Math  lead  salts  and  mercury  salts,  precipitates 
containing  respectively  (C(jNi3)2Pb3  and  (C9]Sri3)2Hg3.  The  latter, 
dissolved  in  hydrocyanic  acid  and  treated  with  sulphuretted  hydro- 
gen, yields  hydromellonic  acid,  CgN,3H3,  which  is  known  only  in 
solution,  has  an  acid  taste,  and  is  decomposed  by  evaporation  into 
ammonia  and  mellone. 

Cyameliiric  acid,  CeN703H3. — The  potassium  salt  of  this  acid 
is  formed  by  boiling  tripotassic  mellonide  with  strong  potash-ley, 
and  the  acid  itself  may  be  separated  from  the  solution  of  the  salt  by  a 
mineral  acid  in  the  form  of  a  crystalline  precipitate.  It  is  a  strong 
tribasic  acid,  converted  by  heating  with  mineral  acids  into  cyanuric 
acid. 
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The  term  alcohol,  originally  limited  1o  one  substance,  viz.,  spirit 
of  wine,  is  now  applied  to  a  large  number  of  organic  compounds, 
many  of  which,  in.  their  external  characters,  exhibit  but  little  re- 
semblance to  common  alcohol.  They  are  all,  however,  analogously 
constituted,  having  the  composition  of  hydi-ocarbons  in  which  one 
or  more  of  the  hydrogen-atoms  are  replaced  by  hydroxyl;  they  may 
therefore  be  regarded  as  compoimds  of  hydroxyl  with  univalent  or 
multivalent  hydrocarbon-radicles,  hence  called  alcohol-radicles. 
Thus  from  propane  C^H.^,  are  derived  the  three  alcohols : 
C3H,(0H)  C3H„(OH)2  C3H,(OH)3 

Propyl  alcohol.  Propene  alcohol.  Propenyl  alcohol. 

Alcohols  are  accordingly  classed  as  monatomic,  diatomic,  triatomic, 
&c.,  or  generally  as  monatomic  and  polyatomic,  according  to  the 
number  of  hycboxyl-groups  which  they  contain,  or  according  to  tla<e 
equivalent  values  of  theii-  hydrocarbon-radicles. 

The  replacement,  partial  or  total,  of  the  hydroxyl  in  an  alcohol 
by  chlorine,  bromiae,  iodine,  or  fluorine,  gives  rise  to  haloid 
ethers;  thus: 

From  C3H7(OH)  are  derived  C3H7CI,  C3H7Br,  &c. 

„    C3H,(OH)2      „    C3H„C1(0H),  C3HBCI2,  &c. 

„    C3H5(OH)3      „    CgHsClCOH)^,  C3H,Cl2(OH),  C3H5CI3,  &c. 

These  substitiitions  are  effected  by  treating  the  alcohols  with 
the  chlorides,  bromides,  and  iodides  of  hydrogen  or  phosphorus,  as 
in  the  following  equations,  which  represent  the  formation  of  ethyl 
choride  from  common  alcohol : 

C2H5(OH)    +    HCl     =    H(OH)    +  C^Kfil 
3C2H5(OH)  +    PCI3     =    P(0H)3    +  3C2H5CI 
SCgHgCOH)  4-    POCI3  =    P0(0H)3  -I-  3C2H5CI 

Instead  of  the  bromides  and  iodides  of  phosphorus,  the  elements 
phosphorus  and  bromine  or  iodine,  in  the  proportions  required  to 
form  them,  are  often  used  in  these  processes. 

These  haloid  ethers  are  also  formed  in  many  instances  by  direct 
substitution  of  chlorine,  bromine,  &c.,  for  hydi-ogen  in  saturated 
hydrocarbons,  as  explained  in  the  preceding  pages. 

The  treatment  of  the  haloid  ethers  with  caustic  aqueous  alkalis 
gives  rise  to  a  substitution  opposite  to  that  exhibited  in  the  above 
equations,  reconverting  the  ethers  into  alcohols,  e.g. : 

C2H5CI  +  KOH  =  KCl  +  CjHgCOH). 
A  considerable  portion  of  the  alcohol  thus  produced  is,  however, 
converted,  by  dehydration,  into  the  corresponding  oleftne  ;  e.g.: 
CjHjO  -  H2O  =  C^TIfl.    A  better  result  is  obtained  by  heating  the 
haloid  ether  with  moist  silver  oxide,  which  acts  like  a  hydroxide, 
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AgOH.  A  still  better  method  is  to  convert  the  alcoholic  chloride, 
&c.,  into  an  acetate,  by  heating  it  with  acetate  of  silver  or  potassium, 
and  boil  the  resulting  acetic  ether  with  caustic  potash  or  soda;  thus: 


C^H^Cl 


and 


C2H5.C2H3O2 
Ethyl  acetate. 


+  KC2H3O2 
Potassium 
acetate. 

+  KOH 


KBr  + 


=  C2H.OH 

Ethyl  alcohol. 


C2HJ.C2H3O2 
Ethyl  acetate. 


+ 


K.C2H3O2 

Potassimn 
acetate. 


The  replacement  of  the  hydroxyl  in  an  alcohol  by  the  correspond- 
ing radicles,  potassoxyl,  OK,  methoxyl,  OCHg,  ethoxyl,  OC.jH,, 
&c.  (i.  264), — -or  of  the  hydrogen  in  the  hydi-oxyl  by  potassium, 
methyl,  ethyl,  &c., — gives  rise  to  oxygen-ethers;  thus: 


C,-a,{OR)  yields  C2H5(OK) 

Ethyl  Potassium 

alcohol.  ethylate. 

C2H,(OH)2  „  C2H^(OH)(OC2H5 

Ethene  Monethylic 

alcohol.  etlienate. 


C2H,(OCH3) 

Methyl 
ethylate. 


C2H3(OC2H,) 

Ethyl 
ethylate. 

C2H,(OC2H.)2 
Diethylic 
ethenate. 


These  substitutions  may  be  eilected  in  various  ways.  The 
simplest  is  to  replace  an  atom  of  hydrogen  in  the  alcohol  by 
potassium  or  sodium,  and  act  on  the  resulting  compound  with  a 
haloid  ether ;  thus : 


2C2H,(OH)2  + 

Ethene 
alcohol. 

C2H4(OH)(ONa)  + 

Sodium 
ethenate. 


Na, 


Etiiyl 
iodide. 


=  2C2H,(OH)(ONa) 

Sodium 
ethenate. 


+  H„ 


NaT    +  C2H4(OH)(OC2H5) 


.Sodium 
iodide. 


Monethylic 
ethenate. 


In  the  polyatomic  alcohols,  two  hydroxyl  groups  may  also  be 
replaced  by  one  atom  of  oxygen,  gi^^ng  rise  to  another  class  of 
oxygen  ethers;  thus,  from  ethene  alcohol,  C2H4(OH)2,  is  derived 
ethene  oxide,  C2H4O. 

The  replacement  of  the  hydrogen  of  the  hydroxjd  m  an  alcohol 
by  acid  radicles  (p.  26),  produces  ethereal  salts  or  compound 
ethers:  thus,  from  methyl  alcohol,  CH3(0H),  are  derived: 

H  0 


Methyl  nitrate,  CH3(0N0„),  or  H— C~0— N 


H 
H 


0 

0  H 


Methyl  acetate,  CH3(OCsH30),  or  H— C— 0— C— C— H 

I  I 
H  H 
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H  0 

1  II 

Acid  methyl  sulphate,  CH3(OS03H),  or  H— C— 0— S— O-H. 

I  11 
H  0 

H        0  H 

I  II  I 

Neutral  methyl  sulphate,  CH3(OS03CH3),  or  H— C— 0— S— 0— C— H 

H        0  H 

These  ethereal  salts  may  also  be  derived  from  the  corresponding 
acids  by  substitution  of  alcohol-radicles  for  hydrogen,  being  in  fact 
related  to  the  alcohols  in  the  same  manner  as  metallic  salts  to 
metallic  hydroxides."  When  distilled  with  alkalis,  they  are  resolved 
into  an  acid  and  an  alcohol ;  e.g. : 

C^H^COC^HgO)    +    K(OH)    =    K(OC2H30)    +  G^ll,{011) 

Ethyl  acetate.  Potassium  Potassium  Ethyl 

hydroxide.  acetate.  alcohol. 

The  number  of  compound  ethers  that  can  be  formed  by  a  given 
acid  and  alcohol  depends  upon  the  number  of  hydroxyl-groups 
which  each  of  them  contains,  in  other  words,  on  their  atomicity  : 
thus,  ethyl  alcohol,  CaH.^OH,  and  acetic  acid,  CgHgO.OH,  both  of 
which  are  monatomic,  yield  but  one  ether,  viz.,  ethyl  acetate, 
C^jHgO.O.CjHj ;  but  ethene  alcohol  or  glycol,  C2H^.(OH)2,  which  is 
diatomic,  forms  two  ethers  with  acetic  acid,  viz. : 

C2H4<§5^jjp       and  C!2H,<g-^2H30 

Mono-acetate.  Diacetate. 
and  glycerin,  €3115(011)3,  which  is  triatomic,  forms  three  acetic 
ethers,  viz.: 

/OH  /OH  /O.C2H3O 

C3H,<-0H  CaH.^O.C^HgO  C3H,^3.C,H30 

\o.C2H3O  \O.C2H3O  ^O.C^HaO 

Acetin.  Diacetin.  Triacetln. 

On  the  other  hand,  nitric  acid,  NO2.OH,  which  is  monatomic, 
forms  but  one  ethylic  ether,  viz.,  ethyl  nitrate,  NO^.O.C^^Hr,;  but 
sulphuric  acid,  S02(OH)2,  wliich  is  diatomic,  forms  two  etliylic 
ethers,  viz.: 

^°^<oS2H5  ^^■^<0.'C2H5 

Ethyl-sulphuric  Dletliylic 
acid.  sulpliate. 

Compound  ethers  are  formed:— 1.  By  the  action  of  the  acids 
upon  alcohols ;  e.(j. : 

C2Hr,.0H    +    NO.OH    =    H2O    +  NO.O.C2H5 
Ethyl  alcohol.  Nitrous  acid.  Ethyl  nitritu 
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This  action  takes  place  slowly  at  ordinary,  more  qiiickly  at  high 
temperatures;  but  the  etheiification  is  never  complete,  as  the  M'ater 
separated  in  the  process  always  exerts  a  reverse  action  on  the  ether, 
reconverting  part  of  it  into  alcohol  and  acid. 

Polybasic  acids,  acting  upon  alcohols,  produce  for  the  most  part 
acid  ethers. 

2.  By  the  action  of  chlorides  of  acid  radicles  on  alcohols  or  their 
sodium  derivatives : 

SO2CI2    +    2(C2H50.0H)    =    2HC1    +  S02(O.C2H5)2 

Sulphuric  Ethyl  alcohol.  Ethyl  sulphate, 

chloride. 

3.  By  the  action  of  haloid  ethers  on  the  potassium  or  silver  salts 
of  the  corresponding  acids  : 

C2H30.0Ag    +    C2H5I    =    Agl    +    C2H3O.O.C2H5 . 

Neutral  compound  ethers  are  mostly  volatile  :  the  acid  ethers  are 
non-volatile,  and  as  they  still  contain  unreplaced  hydrogen  belong- 
ing to  one  or  more  HO  groups,  they  act  as  acids,  exchanging  this 
hydrogen  for  metals  or  for  alcohol-radicles. 

All  compound  ethers,  but  especially  the  acid  ethers,  are  resolved 
into  their  components,  alcohol  and  acid,  by  heating  them  with 
water,  or  more  easily  with  potash  or  soda  in  aqueous  or  alcoholic 
solution : 

C2H3O.O.C2HS    +    KOH    =    C2H3O.O.K    +  C2H5.OH 

Ethyl  acetate.  Potassium  Ethyl 

acetate.  alcohol. 

This  process  is  called  saponification,  a  term  originally  applied 
to  the  formation  of  soaps  by  boiling  neutral  fats  (glycerin-ethers) 
with  caustic  alkali,  but  now  extended  to  all  similar  decompositions. 

Isomerism  in  the  Compound  Ethers. — The  ethers  of  polybasic 
organic  acids  exhibit  isomeric  modifications,  depending  on  the  struc- 
ture of  the  acid  itself.  The  most  important  case  of  this  kind  of 
isomerism  is  presented  by  the  sulphurous  ethers. 

Sulphurous  acid  is  suscei^tible  of  two  modifications,  viz. : 

0  0 

II  OH"  II  TT 

HO-S-OH  or  S0<5g  H— S-OH  or  S02<5jj 

I) 

Symmetrical.  Unsymmetrical. 

Both  these  modifications  yield  neutral  alcoholic  derivatives  or 
sulphurous  ethers,  but  only  the  unsj'-mmetrical  acid  appears  to  form 
acid  ethers,  and  these  acid  ethers  are  called  sulphonic  acids,  e.g.: 

Symmetrical  : 

Dimethylic  sulphite,  ^'^'^oCHg 
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Unsijmmetrical  : 

Methylsulphonic  acid,  S0a<Qg3 

CH 

Methylic  methylsiilphonate,  S02<Cqq|j 

The  siilphonic  acids  are  formed  by  the  following  general  re- 
actions : 

1.  By  heating  the  haloid  ethers  to  120-150°  with  a  concentrated 
solution  of  potassium  or  sodium  sulphite  ;  thus  : 

C^H,!    +   S02<gg-    =     S02<J^s    +  KI 

Potassium  ethyl- 
siUphonate. 

SO  /OK 

C2H,Br2    -1^  2S02<^j^    =  /CsH^    +  2KBr 


S0,<( 


^OK 

Potassium  etliene- 
sulphonate. 

2.  By  oxidation  of  the  hydrosulphides  (mercaptans)  and  disul- 
phides  (also  of  the  thiocyanates).  of  the  alcohol-radicles  with  nitric 
acid : 

S<g^«    +    03=  S0,<gf3 

'(C,H,)S2    +    0,    +    H^O    =    2(C2H5.S02.0H)  . 

This  mode  of  formation  shows  that  the  sulphur-atom  of  a  sulphonic 
acid  is  directly  united  to  the  alcohol-radicle  (and  therefore  to  an 
atom  of  carbon),  and  hence  it  may  be  inferred,  from  the  first 
reaction,  that  in  the  metallic  sulphites  an  atom  of  metal  is  also 
directly  united  to  the  sulphur. 

The  sulphonic  acids  are  very  stable  compounds,  not  decomposed 
by  boiling  with  caustic  alkaline  solutions.  When  fused  with  potas- 
sium hydroxide,  however,  they  are  resolved  into  an  alcohol  and 
sulphurous  acid : 

C2H,.S02.0K  +  KOH  =  C^H-.OH  +  K.SO^.OK  . 

By  the  action  of  phosphorus  pentachlorides  they  are  converted 
into  acid  chlorides  or  chloranhydrides,  wliich,  by  the  action  of 
nascent  hydrogen,  may  be  converted  into  mercaptans  : 

C2H,.S02.0H  -f  PCI5  =  PC1,0  -f  HCl    +  C,H,.S0.,.C1 
and  CaHj.SOii.Cl    -|-  SH^   =  HCl     +  m.f)  +  CJlg.SH. 

The  ethers  of  the  sulphonic  acids  are  formed  by  the  action  of 
acid  chlorides  on  the  sodium-alcohols  : 

C2lI,.S02.Cl  -I-  Na.OCjjHa  =  NaCl  -t-  G.j\l,.^0.,.0^}^il,. 
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They  are  identical  with  the  neutral  ethers  of  unsymnietrical  snlphnr- 
ous  acid,  and  may  accordingly  be  also  produced  by  the  action  of 
silver  sulphite  on  alcoholic  iodides : 

Ag.SO2.OAg  +  2C2H5T  =  2AgI  +  C,H,.S02.0.C2H5 . 

Analoo-ous  to  the  sulphonic  acids  are  the  sulphinic  acids,  or 

acid  ethers  of  hyposulphurous  acid,  SO-<qjj  ,  the  zinc  salts  of 

which  are  formed  by  the  action  of  sulphur  dioxide  on  the  zinc- 
compounds  of  the  alcohol-radicles ;  e.g. : 

Z^<C§;    +    2^0^     ^  S0<g5'2n-0>S0- 

By  converting  the  zinc-salts  into  barium  salts,  and  decomposing  the 
latter  with  sulphiuic  acid,  the  free  sulphinic  acids  are  obtained 
us  strongly  acid  liquids  which  decompose  when  heated,  e.g.  -.1 

S0<gg3. 

The  phosphorous  ethers  likewise  exhibit  isomeric  modifica- 
tions, derivable  from  symmetrical  and  unsymmetrical  phosphorou.s 
acid,  P(0H)3  and  HP6(0H)2.  The  neutral  ethers  of  sj-mmetrical 
phosphorous  acid  are  formed  by  the  action  of  phosphorus  trichloride 
on  the  alcohols.  The  ethylic  ether  P(0.C2H5)3,  is  a  liquid  boiling 
at  f91°. 

Unsymmetrical  phosphorous  acid  yields  acid  ethers  called  phos- 
phonic  acids,  e.g.,  (C2H5)PO<Qg,  which  are  formed  by  the  action 
of  nitric  acid  on  the  primary  phosphines : 

CH3.PH2    -t-    O3    =  CH3.PO(OH)2 

Priniaiy  methyl  MetUylpliosphonic 
phosphine.  acid. 

They  are  crystaUiue  bodies  resembling  spermaceti,  dissolve  in 
water,  have  a  strong  acid  reaction,  and  act  as  bibasic  acids,  forming 
acid  and  neutral  salts. 

Hyfoplwsphoroiia  acid,  Hg.PO.OH,  yields  analogous  acid  ethers, 
called  phosphinic  acids,  which  are  formed  by  the  action  of  nitric 
acid  on  the  secondary  phosphines;  e.g. : 

(CH3)2PPI      +      02      =  (CH3)2PO.OH. 

Arsenious  acid,  ASH3O3,  forms  : 

(«.)  Symmetrical  ethers,  like  As(0.CHg)3,  which  are  produced  by 
the  action  of  arsenious  bromide,  AsBrg,  on  the  sodium  alcohols ; 
they  are  volatile  without  decomposition,  and  are  resolved  by  water 
into  arsenious  acid  and  alcohols. 

(/3.)  Unsymmetrical  ethers,  called  arsonic  acids,  analogous  to 
the  phosph'onic  acids,  e.g.,  methylarsonic  acid,  CH3.AsO(OH).2 ; 
and  lastly,  there  is  a  dimethylarsinic  acid,  (CH3)2AsO.OH 


ALCOHOLS  AND  ETHERS. 


115 


(cacodylic  acid),  analogous  to  the  phosphiuic  acids  (see  Arsenic 

BASES. 

The  nitrous  ethers,  as  already  observed,  are  isomeric  with  the 
nitroparaffins  (p.  76). 

The  action  of  haloid  ethers,  or  of  certain  ethereal  salts,  on  the 
hydrosiilphides  and  sulphides  of  the  alltali-metals,  gives  rise  to 
alcoholic  hydrosulphides  and  sulphides,  that  is  to  say, 
alcohols  and  ethers  containing  sulphur  in  place  of  oxygen. ;  thus : 

C2H5CI    +    KSH    =    KCl    +  C2H5SH 

Ethyl  Ethyl 
chloride.  hydrosulphide. 

2C2H5OSO3K    +    KSK    =    2KOSO3K    +  C2H5SC2H5 

Potassium  ethyl  Potassium  Potassium  Ethyl  sul- 

sulpliate.   '  sulphide.  sulphate.  phide. 

The  alcoholic  hydrosulpliides,  or  thio-alcohols,  are  also  called 
mercaptans,  from  theu'  jDroperty  of  readily  combining  with  mer cmy 
{corpora  mercurio  apta).  Their  reactions  are  closely  analogous  to 
those  of  the  oxygen-alcohols. 


MONATOMIC  ALCOHOLS  AND  ETHERS. 

1.  Containing  the  radicles,  CnH^n+i,  homologous  with 

Methyl. 

The  alcohols  of  this  series  are  the  best  known  and  most  important 
of  all  this  class  of  bodies.  They  may  be  formed  from  the  cor- 
responding haloid  ethers  by  the  action  of  alkalis,  and  several  of  them 
are  produced  by  the  fermentation  of  sugar.  There  are  also  synthe- 
tical processes  by  which  these  alcohols  may  be  built  up  i:i  regular 
order,  Irom  the  lowest  upwards ;  but  these  will  be  better  understood 
further  on. 

The  names  and  formulse  of  the  known  alcohols  of  this  series  are 
as  follows : — 

Methyl  alcohol,  . 
Ethyl  alcohol 
Propyl  alcohol. 
Butyl  alcohol, 
Pentyl  or  Amyl  alcohol, 
Hexyl  alcohol, 
Heptyl  alcohdl,  . 
Octyl  alcohol, 
Nonyl  alcohol, 
Hexdecyl  or  Cetyl  alcohol, 
Ceryl  alcohol, 
Melissyl  alcohol,  . 


CgHgO 

c:,piioO 

O 


C,rH„„0 
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The  formula  of  methyl  alcohol  is  that  of  methane  or  marsh-gas 
having  one  atom  of  hycbogen  replaced  by  hycboxyl ;  and  the  rest 
may  be  derived  from  it  by  replacement  of  one  or  more  of  the  other 
hydrogen  atoms  by  methyl  and  its  homologues.  If  we  replace  only 
one  atom  of  hydrogen  in  this  manner  we  obtain  the  series : 


Methyl 

Ethyl 

Propyl 

alcohoL 

alcohol 

alcohol. 

(  H 

(  CH3 

p  )  H 
^)H 

n  ;  H 
^)H 

r  OH 

(  OH 

r  OH 

But}-1  Pentyl 
alcohol.  alcohol. 

H  ^ 


C 


H 
OH 


Now,  it  is  clear  that,  so  long  as  the  type  of  an  alcohol  is  preserved 
— that  is,  of  a  hydrocarbon  having  at  least  one  hydrogen-atom 
replaced  by  hydroxyl — the  first  two  alcohols  of  this  series  do  not 
admit  of  any  other  mode  of  formulation :  in  other  words,  they  are 
not  susceptible  of  isomeric  modifications.  But  the  higher  members 
of  the  series  admit  of  isomeric  modifications  analogous  to  those  of  the 
haloid  ethers  already  mentioned  (p.  44),  and  distinguished  by  similar 
names,  an  alcohol  being  designated  as  primary,  secondary,  or 
tertiary,  according  as  the  carbon-atom  which  is  in  combination 
with  hydroxyl,  is  likewise  directly  united  to  one,  two,  or  three  other 
carbon-atoms.  Moreover,  the  four-carbon-alcohol,  and  all  above  it  in 
the  series,  admit  of  further  modifications,  according  to  the  structure 
of  the  radicles  {normal  or  iso)  contained  in  them, — all  these  modifica- 
tions, like  those  of  the  haloid  ethers,  depending  upon  the  structure 
of  the  parafiins  from  which  the  alcohols  are  derived ;  thus, — 

Erom  : 

Butane.  Nomial  Primary  Butyl  Secondary  Butyl  Alcohol. 

Alcohol. 

CH3  CH2OH  CH3 

I  I 

CH2  CHo  raH^OH       CH.^  CCHs 

I       are  derived   |  or  H.,C<    '  audi  orHO.HC< 

CH2  CH2  (CH3  CHOH  (CHg 

CH3  ^Hj  CH3 
and  from 

Isohutane.  Isoprimary  Butyl  Alcohol.  Tertiary  Butyl  Alcohol. 

H3C  CH3  H3C  CH3  CH3  H3C  CH3  HHs 

V  V  V  I 

CH   are  derived     CH    or  HC<  CH3    and      COH  or  HO.C<^  CH3 

■dlHs        1  CH2OH       ^CH„OH  ins  '^CH, 


The  primary  alcohols  are  formed  by  substitution  of  OH  for  H  in 
a  methyl-group  CH3 ;  the  secondary  and  tertiary  alcohols  by  simi- 
lar suljstitution  in  a  methane  group  CHj,  and  a  methenyl-group 
respectively. 

A  very  convenient  nomenclatiu'e  for  tliese  isomeric  alcohols  lias 
been  proposed  by  Kolbe.    Methyl  alcohol,  CH3(0H),  is  called  c-\r- 
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C(0H)H3 

C(0H)H,CH3 
C(0H)H;C2H, 
C(OH)H(CH3)2 
C(0H)H,(C3H-) 

C(0H)H;CH  (01-13)2 

C(OH)HCH3C2Hj 


liinol;  and  the  alcohols  formed  from  it  by  successive  substitution 
of  methyl,  ethyl,  &c.,  for  an  atom  of  hydrogen,  are  named  according 
to  the  radicles  which  they  contain  ;*  thus, 

Carbuiol,  or  Methyl  alcohol, 
Methyl  carbinol,  or  Ethyl  alcohol, 
Ethyl  carbinol,  or  Propyl  alcohol, 
Dimethyl  carbinol,  or  Pseudopropyl  alcohol, 
Propyl  carbinol,  or  Butyl  alcohol, 
Isopropyl  carbinol,  or  Isobutyl  alcohol. 
Methyl-ethyl  carbinol,  or  Secondary  Butyl 
alcohol,  ....... 

Trimethyl  carbinol,  or  Tertiary  Butyl  alcohol,  C(OH)(CH3)3. 

Primary,  secondary,  and  tertiary  alcohols  are  distinguished  from 
one  another  by  the  products  which  they  yield  by  oxidation.  Pri- 
mary alcohols  of  the  series  CnH2n+20,  containing  the  group  CH2OH, 
are  converted  by  oxidation  with  chromic  acid,  first  into  the  cor- 
responding aldehydes  CnHsnO  by  removal  of  Hj,  or  conversion  of 
the  group  CHjOH  into  COH,  and  then  by  further  oxidation  into 
the  corresponding  acids  CiiH2n02  (fatty  acids) ;  thus: 

CH3— CH2— CH2OH    +    0    =  +    CH3— CH2— COH 

Normal  propyl  alcohol.  Propyl  aldehyde. 

=   2H2O   +   OH3— OH2— OOOH 


CH3— CH2— CH2OH    +  O2 

Normal  propyl  alcohol.  Propionic  acid. 

A  secondary  alcohol,  on  the  other  hand,  which  contains  two 
alcohol-radicles  united  by  the  group  CHOH,  is  converted,  by  re- 
moval of  H2  from  this  group,  into  a  ketone,  which  is  a  compound 
consisting  of  two  alcohol-radicles  joined  by  the  group  00 ;  thus : 

CH3— CHOH— OH3    -f    0    =    H2O    4-    CH3— CO— CH3 
Secondary  propyl  alcohol.  Dimethyl  ketone. 

Conversely,  the  aldehydes  treated  with  nascent  hydrogen  (action 

*  Odling  Ttioflifies  this  nomenclature  by  restricting  the  term  carbinol  to 
the  tertiary  alcohols,  designating  the  secondary  alcohols  as  p  s  e  u  d  o  -  a  1  c  o  h  ol  s 
or  pseudols,  and  employing  the  term  alcohol  especially  to  designate  the 
alcnhola,  proper  or  primary  alcohols,  which  may  also  be  called  methols; 
thus, 

Propyl  Alcohol 
or  Eihyl-MetliDl. 

CjHjOH 


Primary, 


Secondary, 


Tertiary, 


H,cV 
ICH3 

Di7ncthyl  P.9eudol. 

Trimethyl  Carbinol. 
HO.C<  CH3 

I  CH  ;, 


Isnbutyl  Alcohol 
or  Iso])ropyl-Methol. 

(CHoOH 

HC<  CH3 

\cih 

Ethyl-Methyl 
Pseiulol. 

HO.Hc{gi^;« 

Ethvl-Dimcthyl 
Carbinol. 


HO.C 


'A  CH;, 
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of  sodium  amalgam)  are  converted  into  prLmaiy  alcohols,  and  the 
ketones  hv  similar  treatment  into  secondary  alcohols. 

Tertiaiy  alcohols  do  not  yield  by  oxidation  either  ^^^  fj^^^^^:^ 
ketones  or  acids  containing  the  same  number  of  carbon-atoms  as 
the  alcohols  themselves,  but  are  split  up  into  ^o^P^^I^^^.^^-^^^^r^;;^ 
a  smaller  number  of  carbon-atoms  tertiary  butyl  alcohol,  loi 
example,  into  formic  and  propionic  acids : 

(CH3)3.COH  +       =  +  +  H,0 


METHYL  ALCOHOL  AND  ETHERS. 

Methyl  Alcohol,  Hydroxymethane,  Carbinol,  Me- 
thol,  CH4O  or  CH3(0H).-This  is  the  simplest  member  of  the 

series     It  is  produced  :  i  ,    x-l  i- 

1.  From  marsh-gas,  by  subjecting  that  compoimd  to  the  act_ion 
of  chlorine  in  sunshine,  whereby  chloromethane,  or  methyl  chloride, 
CHoCl  is  produced,  and  distilling  with  potash. 

2'  From  wintergreen  oil,  which  consists  chiefly  of  acid  methyl 
salicylate,  C,H,03.H.CH3,  by  distillation  with  potash,  whereby 
potassium  saUcjdate  is  formed,  and  methyl  alcohol  distils  over. 

C,H,03.H.CH3,  +  KOH  =  C.H.Os-HK  +  CR.m)- 
This  reaction,  which  consists  in  the  interchange  of  methyl  and 
potassium,  yields  very  pure  methyl  alcohol.  , 

3  From  crude  wood- vinegar,  the  watery  liquid  obtamed  by  the 
destructive  distillation  of  wood  :  it  was  in  this  liquid  that  methy 
alcohol  was  first  discovered  by  P.  Taylor,  in  1812  :  hence  it  is  often 
caUed  wood-spirit.  Crude  wood-vmegar  probably  contains  about 
1  part  of  methyl  alcohol,  which  is  separated  from  the  great  bulk 
JFthe  liquid  by  distilling  it,  and  coUecting  apart  the  first  portions 
which  pass  over.  The  acid  solution  thus  obtamed  is  neutralised 
with  slaked  lime,  and  the  clear  liquid  separated  from  the  oil  which 
floats  on  the  surface,  and  from  the  sediment  at  the  bottom  is  again 
distilled  A  volatile  liquid  is  thus  obtained,  which  burns  like  weak 
snirit-  this  may  be  strengthened  by  rectification,  and  ultimately 
rendered  pure  and  anhydrous  by  careful  distillation  from  quicklime 
at  the  heat  of  a  water-bath.  .-,  ■    -i  • 

Pure  methyl  alcohol  is  a  thin,  colourless  liquid,  very  similar  111 
«tiip11  and  taste  to  ethyl  alcohol ;  crude  wood-spirit,  on  the  other 
hand  which  contains  many  impurities,  has  an  offensive  odom-  and 
Nauseous,  burning  taste.  Methyl  alcohol  boils  at  66-6°,  and  has  a 
deS  of  0-798  at  20°.  Vapour-density  (referred  to  hydrogen) 
_  1  fi  Methvl  alcohol  when  pure  mixes  in  all  proportions  with 
wnter  •  it  dissolves  resins  and  volatile  oils  as  freely  as  ethyl  alcohol, 
Td  is  often  substituted  for  ethyl  alcohol  in  various  processes 
^  If  nrtr  It  mavbe  burnt  instead  of  ordinary  spirit  m  lamps: 
lL^av.ie  i;pale-Xre^^  like  that  of  ethyl  alcohol,  and  deposits 
J  o  soo  Mertiyl  alcohol  dissolves  caustic  baryta  :  the  solution 
depo       by  evaporation  in  a  vacuum,  acicular  crystals  conUuiung 
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B:i0.2CH,0.  It  dissolves  calcium  chloride  in  large  quantity,  and 
gives  rise  to  a  crj'stalline  compound  containing  CaCl2.2CH40. 

Potassium  and  sodium  dissolve  in  it,  \vith  evolution  of  hydrogen 
yielding  potassium  and  sodium  methylates,  CH3OK,  and  CHgONa. 

By  oxidation,  as  by  exposure  to  the  air  in  contact  vnth  platinum 
black,  it  is  converted  into  formic  acid,  CH2O2,  which  is  derived 
fi'oui  it  by  substitution  of  1  atom  of  oxygen  for  2  atoms  of  hycbogen : 

CB.fi  +  02  =  H2O  +  CH2O2. 

Metliyl  Chloride,  or  Chloromethane,  CH3CI,  is  formed 
when  a  mixture  of  equal  volumes  of  methane  (marsh -gas)  and 
chlorine  is  exposed  to  reflected  sunlight.  It  is  more  easily  pre- 
pared, however,  by  heating  a  mixtm-e  of  2  parts  of  common  salt,  1 
part  of  wood-spirit,  and  3  parts  of  concentrated  sulphuric  acid.  It 
is  a  gaseous  body,  which  may  be  conveniently  collected  over  water, 
as  it  is  but  slightly  soluble  in  that  liquid.  It  is  colourless ;  has  a 
peculiar  odour  and  sweetish  taste,  and  burns,  when  kindled,  with 
a  pale  flame,  greenish  towards  the  edges,  like  most  combustible 
chlorine-compounds.  Its  density,  referred  to  hydrogen  as  unity, 
is  25-25  ;  it  is  not  liciuefied  at  - 18°.  The  gas  is  decomposed  by 
transmission  through  a  red-hot  tiibe,  with  slight  deposition  of  car- 
bon, into  hydrochloric  acid  gas  and  a  hydrocarbon  which  has  been 
but  little  examined.  By  the  action  of  chlorine  in  sunshine  it  is 
successively  converted  into  mcthene  chloride,  or  dichloromethane, 
CH2CI2,  a  Liquid  boiling  at  30'5°;  mcthenyl  chloride,  trichloromethanc, 
or  chloroform,  CHCI3;  and  carbon  tetrachloride,  CCI4.  ... 

Methyl  Iodide,  or  lodomethane,  CH3I,  is  a  colourless  and 
feebly  combustible  liqiiid,  obtained  by  distilling  together  1  part  of 
phosphorus,  8  of  iodine,  and  12  or  15  of  methyl  alcohol.  It  is 
insoluble  in  water,  has  a  density  of  2'237,  and  boils  at  44°.  The 
density  of  its  vapour,  referred  to  hydrogen  as  unity,  is  71.  When 
dige.sted  in  sealed  tubes  with  zinc,  it  yields  a  colourless  gaseous 
mixture  containing  ethane,  or  dimethyl,  C2Hg,  and  the  residue  con- 
tains zinc  iodide,  together  with  zinc  methide,  Zn(CH3)2 : 
2CH3I  -1-  Zn  =  Znia  +  C.^}I„ 
2CH3I  +  Zn2  =  Znig  +  Zn(CH3)2 

Methyl    Ether,    Methyl   Oxide,   or  Methoxyl-methane, 

CaH^O  =  (CH3)20  =  C  I  Q^jj  .— This  compound,  which  bears  the 

same  relation  to  methyl  alcohol  that  anhydrous  potassium  oxide 
bears  to  potiissium  hydroxide,  is  produced  by  abstraction  of  the 
elementfi  of  water  from  methyl  alcohol :  2CI-L6  -  H2O  =  C.^Jifi. 

It  may  be  prepared  by  heating  1  part  of  methyl  alcohol  and  4  parts 
of  concentrated  sulphuric  acid,  and  passes  over  as  a  colourless  gas, 
which  may  be  collected  over  mercury.  It  docs  not  liquefy  at  -  16°. 
It  has  an  ethereal  odour,  and  bums  with  a  pale  and  feebly-luminous 
flame.  Its  specific  gravity  is  1-617  referred  to  air,  or  23  referred  tt) 
hydrogen  as  unity.    Cold  water  dissolves  about  33  times  its  volume 
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of  this  gas,  acquiring  therety  its  characteristic  taste  and  odour :  on 
boiling  the  solution,  the  gas  is  again  liberated.  Alcohol,  wood- 
spirit,  and  concentrated  sulphuric  acid  dissoh^e  it  in  still  larger 
t|uantity. 

Metliyl  Nitrate,  CH3.NO3,  or  CHg.O.NOg.  This  ether  is 
obtained  by  distilling  50  grains  of  pounded  nitre  with  50  grams  of 
methyl  alcohol  and  100  grams  of  sulphuric  acid,  in  a  retort  without 
external  heating.  It  is  a  colourless  licj^uid  of  sp.  gr.  1'182  at  20°; 
boils  at  60°;  has  a  faint  ethereal  odoitr.  Its  vapour  detonates  vio- 
lently when  heated  to  150°.  Heated  Math  alcoholic  ammonia,  it 
yields  methylamine  nitrate,  CH5N.NO3II.  Distilled  with  aqueous 
potash,  it  yields  methyl  ether. 

Methyl  Nitrite,  CH3.O.NO,  isomeric  \nih.  nitromethane, 
CH3.NO2  (p.  76),  is  produced  by  the  action  of  nitrous  acid  on 
methyl  alcohol.  It  is  a  gas  having  a  pleasant  odour,  and  condens- 
ing at  very  low  temperatures  to  a  yellowish  Liquid  which  boils  at 
- 12°. 

Methyl  Sulphates. — Sulphuric  acid  being  a  bibasic  acid,  yields 
two  methyl  ethers — one  acid,  the  other  neutral. 

Acid  Methyl  sulphate,  Methyl  and  Hydrogen  sulphate,  Mefhilsul- 

phuric  acid,  or  Sulphomeilnjlic  acid,  CH3.II.SO4,  or  SOp^q^  ^  • 

— -To  prepare  this  acid  ether,  1  part  of  methyl  alcohol  is  slowly 
niixed  with  two  parts  of  concentrated  sulphuric  acid,  and  the  whole 
is  heated  to  boiling,  and  left  to  cool,  after  which  it  is  diluted  with 
water,  and  neutralised  with  barium  carbonate  The  solution  is 
hitered  from  the  insoluble  sulphate,  and  evaporated,  first  in  a  water- 
bath,  and  afterwards  hi  a  vacuum  to  the  proper  degree  of  concentra- 
tion. The  salt  crystallises  in  beautiful,  square,  colourless  tables, 
containhig  (CH3)2Ba(S04)2.2H20,  which  effloresce  in  drv  air,  and  are 
very  soluble  in  water.  By  exactly  precipitating  the  base  from  this 
substance  with  dilute  sulphuric  acid,  and  lea\ang  the  filtered  liquid 
to  evaporate  in  the  air,  methylsul phuric  acid  may  be  procured  in 
the  form  of  a  sour,  syrupy  liquid,  or  in  minute  aciciilar  crystals,  very 
soluble  in  water  and  alcohol.  It  is  very  instalile,  being  ea'silv  decoin- 
]30sed  by  heat.  Potassium  mcthylsulphatc,  CH3KSO4,  crystallises  in 
small,  nacreous,  deliquescent  rhombic  tables.  The  had  salt  is  also 
very  soluble. 

Neutral  Methyl  sulphate,  or  Dimethylic  sulphate,  (CH3),S04,  or 
802(00113)2. — This  ether  is  prepared  by  distilling  ,1  part  of"  methyl 
alcohol  with  8  or  10  parts  of  strong  sulijhiiric  acid  :  the  distillation 
may  be  carried  nearly  to  dryness.  The  oleaginous  liquid  found  in 
the  receiver  is  agitated  with  water,  and  purified  by  rectification  from 
l^owdered  anhydrous  baryta.  The  i>roduct  is  a  colourless,  oily  liquid, 
of  alliaceous  odour,  having  a  density  of  1-324,  and  boiling  at  188°. 
It  is  neutral  to  test-pajier,  and  insoluble  in  water,  Init  decomposed  by 
that  liquid,  slowly  in  the  cold,  rapidly  and  with  violence  at  a  boiling 
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leaiperatiire,  into  methylsulphuric  acid  and  methyl  alcoliol.  Anhy- 
drous lime  and  baryta  have  no  action  on  this  ether:  their  hydrates, 
iiowever,  and  those  of  potassium  and  sodium,  decompose  it  instantly, 
^\■ith  production  of  a  methylsulphate  of  the  base,  and  methyl  alcohol. 
When  neutral  methylsulphate  is  heated  \nth  common  salt,  it  yields 
sodium  sulphate  and  methyl  chloride ;  with  mercuric  cyanide,  or 
])otassium  cyanide,  it  gives  a  sulphate  of  the  base  and  methyl 
cyanide ;  ^v^th  dry  sodium  formate,  it  yields  sodium  sulphate  and 
methyl  formate. 

Methyl  Siilpliite  (synmietrical),  SO(O.CH3)2,  formed  by  the 
action  of  sulphur  dichloride,  SjCl,,  on  methyl  alcohol,  is  a  fragrant 
liipid  ha-\Tng  a  specific  gravity  of  1-045,  and  boiling  at  121°. 

Methylsulplionic  Acid,  CH3.SO3H,  is  prepared  by  heating 
methyl  iodide  with  a  concentrated  solution  of  potassium  or  sodium 
sulphite,  converting  the  resulting  methylsulphonate  into  a  lead-salt, 
decomposing  the  latter  with  hydrogen  sulphide,  and  evaporating  the 
filtered  solution.  The  acid  then  remains  as  a  viscid  uncrystallisable 
liquid  soluble  in  water.  Its  salts  are  easily  soluble  in  water,  and 
crystallise  well ;  the  barium  salt  (CH3.S03)2.Ba,  in  rhombic  plates. 

Methijlsulphonic  Chloride,  CHg.SOj.Cl,  boils  at  153°,  and  is  decom- 
posed by  water  into  hydrochloric  and  methylsulphonic  acids. 

Trichloromethylsulphonic  Chloride,  CClg.SOj.Cl,  is  formed  by  the 
action  of  moist  chlorine  on  carbon  bi.sitlphide.  To  prepare  it,  a  mix- 
ture of  500  grams  of  hydi-ochloric  acid,  300  grams  of  coarsely 
pounded  potassium  dichromate,  200  grams  of  nitric  acid,  and  30 
grams  of  carbon  bisulphide  is  left  to  itself  in  an  open  flask  for  about 
a  week,  water  is  added,  and  tlie  crystals  of  the  compound,  CCl^SOj, 
are  separated  from  the  saline  solution  by  filtration. 

The  chloride  or  chloranhydride  thus  formed  is  a  colourless  crys- 
talline body,  which  melts  at  135°,  and  boils  at  170°.  It  has  a  cam- 
phorous  tear-exciting  odoiu',  dissolves  in  alcohol  and  ether,  but  is 
insoluble  in  water. 

Trichloromethylsulphonic  Acid,  CClg.SOgH,  is  obtained  by  boiling 
the  chloride  just  described  with  baryta-water,  and  decomposing  the 
resulting  barium  salt  with  sulphuric  acid.  It  crystallises  in  deliques- 
cent prisms;  the  barium  salt,  (CCl3.S03)2Ba-|-H20,  in  lamina). 

This  trichlorinated  acid  heated  in  aqueous  solution  with  sodium- 
amalgam  is  converted  successively  into  the  acids,  CHClj.SOgH, 
CH2CI.SO3H,  and  finally  into  methylsulphonic  acid,  CH3.SO3H. 
This  series  of  reactions,  discovered  by  Kolbe  in  1845,  afl'oided  one 
of  the  earliest  instances  of  the  formation  of  an  organic  comjiound 
from  inorganic  materials. 

Methyl  Borate,  (CH3)3B03=B(OCH,)3,  is  formed  by' the  action 
of  gaseous  boron  chloride'  on  anhydrous  methyl  alcohol.  It  is  a 
limpid  liquid,  of  specific  gi'avity  0-9651  at  0°,  boiling  at  72°.  Water 
decomposes  it  into  boric  acid  and  methyl  alcoliol. 
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Methyl  Phosphates.— Two  metliyl  phosphates,  viz.,  methyl- 
phosphoric  acid,  PO(OH)2(OCH3),  and  dimethylphosphoric  acid, 
PO(OH)(OCH3)3,  are  formed  by  the  action  of  phosphorus  oxy- 
chloride  on  methyl  alcohol  luider  different  circumstances. 

Methyl-phosphonic  Acid,(CH3)PO.(OH)2(p.  11 4),  is  a  crystalline 
body  melting  at  105",  and  converted  by  phosphorus  trichloride  into 
methylphosphonic  chloride  (CH3)PO.Cl2,  which  melts  at  32°,  boils 
at  163°,  and  is  reconverted  into  the  acid  by  the  action  of  water. 

Dimethylphosphinic  acid,  (CH3)2PO.OH,  is  a  mass  resem- 
bling paraffin,  melting  at  76°,  and  volatilising  without  decomposi- 
tion. 

On  Methyl-arsonic  and  Methyl-arsinic  Acids,  see  Arsenic  Bases. 

Methyl  Silicate,  Si(OCH3)4,  is  obtained  by  acting  upon  per- 
fectly pure  and  dry  methyl  alcohol  with  silicium  tetrachloride,  and 
distilling  the  product.  It  is  a  colourless  liquid,  of  pleasant, 
ethereal  odour,  specific  gravity  1-0589  at  0°,  distilling  bet«-eeu 
121°  and  126°.  It  dissolves  with  moderate  facility  in  water,  and 
the  solution  does  not  become  turbid,  from  separation  of  silica,  for 
some  weeks.  Its  observed  vapour-density  is  5-38  referred  to  air,  or 
77-6  referred  to  hydrogen,  the  calculated  number  being  76. 

Methyl  Hydrosiilphide,  CH3SH,  also  called  Methyl  Mer- 
captan. — This  compound,  which  has  the  composition  of  methyl 
alcohol  with  the  oxygen  replaced  by  sulphur,  is  formed  by  distilling 
in  a  water-bath,  with  efficient  condensation,  a  mixture  of  calcium 
methylsulphate  and  potassium  hydi'osulphide  : 

Ga(CH3)2(S04)2  -f  2KSH  =  K2SO4  +  CaSO^  +  2CH3SH. 
It  is  a  liquid  lighter  than  water,  and  having  an  extremely  ofteusire 
odour.    It  forms  with  lead-acetate  a  yellow  precipitate,  and  with 
mercuric  oxide  a  white  compound,  (CH3)2S2Hg,  which  crystallises 
from  alcohol  in  shining  laminiie. 

Methyl  Sulphide,  (CH3)2S,  or  H3C— S— CH3,  is  obtained  by 
passing  gaseous  methyl  chloride  into  a  solution  of  potassium  inono- 
sulphide  in  methyl  alcohol.  It  is  a  colourless,  mobile,  fetid  liquid,  of 
specific  gravity  0-845  at  21°,  boiling  at  41°.  It  forms  several  sub- 
stitution-products with  chlorine. 

Methyl  Bisulphide,  (0113)282,  is  prepared  by  passing  gaseous 
methyl  chloride  through  an  alcoholic  solution  of  potassium  bisul- 
phide. It  is  a  limpid,  strongly  refracting  liquid,  haAdng  a  specific' 
gravity  of  1-046  at  18°,  and  an  intolerable  odour  of  onions;  boils 
between  116°  and  118°.  It  forms  substitution-products  with  bro- 
mine and  chlorine. 

By  substituting  pentasulphide  for  bisulphide  of  potassium  in  the 
preceding  preparation,  a  tiisnlphide  of  methyl,  (0113)233,  is  obtained, 
iDoiling  at  about  200°. 

Methyl  Telluride,  or  Telluro-methyl,  (CH3)2Te,  obtained  by 
distilling  potassium  telluride  with  potassium  methylsulphate,  is  an 
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oily  fetid  Liquid,  resembling  ethyl  telluride,  which  will  be  described 
hereafter.  The  correspoucUng  selenium-compound  has  also  Ijeeu 
obtained. 


ETHYL  ALCOHOL  AND  ETHERS. 

Ethyl  Alcohol,  Hydroxyl-ethane,  or  Methyl*  Carbinol, 

3  1  H 

CMfi  =  C2H.(0H)    =1  =  C^fj 

CH,(OH) 

This  important  compound,  the  oldest  and  best  known  of  the  whole 
group  of  alcohols,  and  generally  designated  by  the  simple  name 
"  alcohol,"  is  produced : 

1.  From  ethene,  C2H4,  by  addition  of  the  elements  of  water. 
When  ethene  gas  and  strong  sulphuric  acid  are  violently  agitated 
together  for  a  long  time,  the  gas  is  absorbed,  and  ethylsulphuric 
acid,  CaHgSOj,  is  produced;  and  this  compound,  distilled  with 
water,  yields  sulphuric  acid  and  ethyl  alcohol : 

C^HijSO^  +  H2O  =  H2SO4  +  CoHyO. 
Now  we  have  seen  that  ethene  can  be  formed  by  addition  of 
hydrogen  to  acetylene,  C2H2,  which  is  itself  formed  by  direct  com- 
bination of  carbon  and  hydrogen.    It  follows,  therefore,  that  alcohol 
can  be  produced  synthetically  from  its  elements. 

2.  From  ethyl  chloride,  bromide  or  iodide  by  the  reac- 
tions already  mentioned  (p.  66). 

3.  By  the  fermentation  of  certain  kinds  of  sugar.  When  a 
moderately  warm  solution  of  cane-sugar  or  grape-sugar  (glucose)  is 
mixed  with  certain  albuminous  matters,  as  blood,  white  of  egg, 
tiour-paste,  and  especially  beer-yeast,  in  a  state  of  decomposition,  a 
peculiar  process,  called  fermentation,  is  set  up,  by  which  the  sugar 
is  resolved  into  ethyl  alcohol  and  carbon  dioxide.  In  the  case  of 
glucose,  CgHjgO^,  these  products  result  from  a  simple  splitting  up  of 
the  molecule  : 

CeHi^Oo  =  2CO2  +  2C,U,0. 

Cane-sugar,  CjgHgaOu,  is  tirsfc  converted  into  glucose  by  assumption 
of  water,  (Ci2H220ii-f-H20  =  2CeHi206),  and  the  latter  is  then  de- 
composed as  above.* 

If  ordinary  cane-sugar  be  dissolved  in  a  large  quantity  ol  water,  a 
due  proj)ort,ion  of  active  yeast  added,  and  the  whole  maintained  at 
a  tenij)(!rature  of  21°-26"  0.  (TC-SO"  F.),  the  change  will  go  on  with 
great  rapidity.  The  gas  disengaged  is  nearly  pure  carbon  dioxide: 
it  is  easily  collected  and  examined,  as  the  fermentation,  once  com- 

*  Sirle  hj  airle  with  this  principal  decomposition,  a  viii  icty  of  other  changes 
are  sinmltaiieously  accompliHlieil.  According  to  Pasteur,  glycerin,  succinic 
acid,  cellulose,  fats,  and  occasionally  lactic  acid,  are  oliscrved  among  the 
products  of  alcoholic  fermentation.  Some  of  the  homologues  of  ethyl  alcohol 
are  also  found  among  the  products. 
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menced,  proceeds  perfectly  well  in  a  close  vessel,  such  as  a  large 
bottle  or  flask  fitted  with  a  cork  and  a  conducting  tube.  When 
the  effervescence  is  at  an  end,  and  the  liquid  has  become- clear,  it 
will  yield  alcohol  by  distillation. 

The  spirit  first  obtained  by  distilling  a  fermented  saccharine 
liquid  is  very  weak,  being  diluted  with  a  large  quantity  of  water. 
By  a  second* distillation,  in  which  the  first  portions  of  the  distilled 
liquid  are  collected  apart,  it  may  be  greatly  strengthened :  the 
whole  of  the  water  cannot,  however,  be  thus  removed.  The 
strongest  rectified  spirit  of  wine  of  commerce  has  a  den.sity  of 
about  0'835,  and  yet  contains  13  or  14  per  cent,  of  water.  Pure  or 
absolute  alcohol  may  be  obtained  from  it  by  redistilling  it  with  haK 
its  weight  of  fresh  quicklime.  The  lime  is  reduced  to  coarse 
powder,  and  put  into  a  retort ;  the  alcohol  is  added,  and  the  whole 
mixed  by  agitation.  The  neck  of  the  retort  is  securely  stopped 
with  a  cork,  and  the  mixture  left  for  several  days.  The  alcohol  is 
distilled  ofl:  by  the  heat  of  a  water-bath. 

Pure  alcohol  is  a  colourless,  limpid  liquid,  of  pungent  and 
agreeable  taste  and  odour;  its  specific  gravity,  at  15 '5°  C.  (60°  F.), 
is  0-7938,  and  that  of  its  vapour,  referred  to  air,  ]  -613.  It  is  very 
inflammable,  burning  M'ith  a  pale-bluish  flame,  free  from  smoke ;  it 
has  never  been  frozen.  Alcohol  boils  at  78-4°  C.  (173°  F.)  when  in 
tlie  anhydrous  state ;  in  a  diluted  state  the  boiling  point  is  higher, 
being  progressively  raised  by  each  addition  of  water.  In  the  act  of 
dilution  a  contraction  of  volume  occm\s,  and  the  temperature  of  the 
mixture  rises  many  degrees :  this  takes  place  not  only  -^-ith  pirre 
ahiohol,  but  also  with  rectified  spirit.  Alcohol  is  miscible  with 
water  in  all  proportions,  and,  indeed,  has  a  great  attraction  for  the 
latter,  absorbing  its  vapour  from  the  air,  and  abstracting  the 
moisture  from  membranes  and  other  similar  substances  immersed 
in  it.  The  solvent  powers  of  alcohol  are  very  extensive  ;  it  dissolves 
a  great  number  of  saline  compounds,  and  likewise  a  considerable 
proportion  of  potash.  With  some  salts  it  forms  delinite  crystalline 
compounds,  called  alcoholates:  with  sine  chloride,  ZnClo.SC^HgO  ; 
with  calcium  chloride,  CaCl2.4C2HpO  ;  with  magnesium  nitrate, 
Mg(N03)2.6C2HgO.  Alcohol  dissolves,  moreover,  many  organic 
substances,  as  the  vegeto-alkalis,  resins,  essential  oils,  and  various 
other  bodies:  hence  its  great  use  in  chemical  investigations  and  in 
several  of  the  arts. 

Potassium  and  sodium  dissolve  in  ethyl  alcohol  in  the  same 
manner  as  in  methyl  alcohol,  forming  the  compounds  CoH.-KO  and 
C,H,NaO. 

Alcohol,  passed  through  a  red-hot  tube,  is  resolved  into  marsh- 
gas,  hydrogen,  and  carbon  monoxide : 

C2HBO  -  CH,  -1-  H2  -I-  CO. 

Small  quantities  of  ethene,  benzene,  and  naphthalene  are,  how- 
('\'er,  formed  at  the  same  time  by  the  mutual  action  of  these  iirimary 
products,  and  carbon  is  deposited. 
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By  oxidation,  alcohol  is  converted,  first,  into  aldehyde,  C,H^O, 
then  into  acetic  acid,  C2H4O2, 


and 


0  = 
0  = 


H,0  + 


C^H.O, 


Chlorine  gas  is  rapidly  absorbed  by  anhydrous  alcohol,  turning  it 
yellow,  and  causing  considerable  rise  of  temperature.  At  the  same 
time  it  rapidly  abstracts  hydrogen,  which  is  partly  replaced  by  the 
chlorine,  producing  hycbochloric  acid,  aldehyde,  acetic  acid,  ethyl 
acetate,  ethyl  chloride,  and  chloral.  The  mixture  of  these  substances, 
freed  by  water  from  the  soluble  constituents,  was  formerly  called 
heavy  muriatic  ether.  The  formation  of  the  several  products  is 
represented  by  the  following  equations : 


Alcohol. 

+ 

Ck  = 

2HC1 

+ 

C,H,0 , 

Aldehyde. 

CaHcO 

Alcohol. 

+ 

4C12  = 

5HC1 

+ 

C2HCI3O  , 
Chloral. 

Alcohol. 

+ 

HCl  = 

HP 

+ 

CgHjjCl , 

Ethyl  chloride. 

Alcohol. 

+  H2O  +  2CI2  = 

4HC1 

+ 

CjH^Oj , 

Acetic  acfd. 

Alcohol. 

+ 

C,H,02  = 

Acetic  acid. 

H2O 

+ 

C2H5.C2H3O2 
Ethyl  acetiiter 

When  the  action  of  the  chlorine  is  continued  for  a  long  time, 
chloral  is  always  the  principal  product.  This  compound  is  a 
heavy  oily  liquid,  having  the  composition  of  aldehyde  with  3  atoms 
of  hydrogen  replaced  by  chlorine ;  but  it  cannot  be  formed  by  the 
direct  action  of  chlorine  upon  aldehyde.  When  alcohol  containing 
water  is  used,  scarcely  any  chloral  is  obtained,  the  chief  product 
being  aldehyde. 

Chlorine,  in  presence  of  alkalis,  converts  alcohol  into  chloroform, 
CHCL,  and  carbon  dioxide :  ' 


C2H0O 


+  5Clo  + 


H2O  = 


CO2  +  7HC1  +  CHCl, 


The  same  products  are  formed  by  distilling  dilute  alcohol  with 
bleaching  powder. 

_  Aqueous  alcohol  heated  with  strong  sulphuric  acid  is  corverted 
into  ethylsulphuric  acid,  C^HbSO^;  but  when  anhydrous  alcohol  is 
exposed  to  the  vapour  of  sulphuric  oxide,  SO^,  a  white  cry.stalline 
substance  is  fonned,  called  ethionic  oxide,  formerly  .sifViaie  of 
carlnjl,  (^^ll^^.f)^.  This,  when  dissolved  in  water  or  in  luiueous  alco- 
hol, IS  converted  into  ethionic  acid,  C.H.SaOy,  a  biba.sic  acid, 
■winch  foniis  a  .soluble  barium  salt.  Lastly,  a  solution  of  ethionic 
acid  when  boiled,  is  resolved  into  sulphuric  acid  and  isethionic 
acid,  an  acid  isomeric  with  ethyl-sulphuric  acid. 
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Commercial  Spirit,  Wine,  Beer,  &c.  Vinous  Fermentation— 'Tha 
streno-th  of  commercial  spirit,  when  free  from  sugar  and  other  sub- 
stances added  subsequently  to  distillation,  is  inferred  from  its  density : 
a  table  exhibiting  the  proportions  of  real  alcohol  and  water  m  spirits 
of  different  densities  will  be  found  at  the  end  of  the  volume.  The 
excise  proof  spirit  has  a  specific  gravity  of  0-9198  at  60  F.,  and 
contains  49i  per  cent,  by  weight  of  real  alcohol. 

The  high  duty  on  spirits  of  wine  in  this  country  has  _  hitherto 
interfered*'  with  the  development  of  many  branches  of  ijidustry, 
which  are  dependent  on  the  free  use  of  this  important  liqtud.  The 
labours  of  the  scientific  chemist  have  been  likewise  often  checked 
by  this  inconvenience.  A  remedy  for  the  evil  has  been  supplied 
by  a  very  important  measure,  proposed  and  carried  out  by  the  late 
Mr  John  Wood,  Chaii'man  of  the  Board  of  Inland  Keveuue.  This 
measure  consists  in  issuing,  for  manufacturing  and  scientific  pur- 
poses, duty  fi-ee,  a  mixture  of  90  per  cent,  of  spirits  of  \\Tiie  of  strength 
not  less  than  corresponds  with  a  density  of  0-830,  and  10  per  cent 
of  partially  purified  wood-spirit,  which  is  now  sold  by  hcensed 
dealers  under  the  name  of  Methylated  Spirit.  It  appears  that  a 
mixture  of  this  kind  is  rendered  permanently  unfit  for  human  con- 
sumption, the  separation  of  the  two  substances,  in  consequence  of 
their  close  analogy,  being  not  only  difficult,  but  to  all  a.ppearance 
impossible :  at  the  same  time,  and  for  the  same  reasons,  this  mixture 
is  not  materially  impaired  for  the  greater  number  of  the  more 
valuable  purposes  in  the  arts  for  which  spirits  are  usually  employed 
Methylated  spirit  may  be  used,  instead  of  pure  spirit,  as  a  solvent  of 
resinous  substances,  and  of  many  chemical  preparations,  especially 
of  the  alkaloids  and  other  organic  products.  It  may  be  used  for  the 
production  of  fulminating  mercury,  ether,  chloroform,  iodoform, 
defiant  gas,  and  all  its  derivatives— in  fact,  for  an  endless  number 
of  laboratory  purposes.  Methylated  spirit  may  also  be  substituted 
for  pure  spirit  of  wme  in  the  preservation  of  anatomical  prepara- 
tions. The  introduction  of  this  spirit  has  already  exerted  a  very 
beneficial  efi'ect  upon  the  development  of  organic  chemistry  in  tliis 
country.* 

Wine,  Beer,  &c.,  owe  their  intoxicating  properties  to  the  alcohol 
they  contain,  the  quantity  of  which  varies  very  much.  Port  and 
sherry,  and  some  other  stroug  wines,  contain  from  19  to  25  per 
cent,  of  alcohol,  while  in  the  lighter  wines  of  France  and  Germany 
it  sometimes  falls  as  low  as  12  per  cent.  Strong  ale  contains  about 
10  per  cent. ;  ordinary  spirits,  as  brandy,  gin,  whisky,  40  to  50  per 
cent,  or  occasionally  more.  These  latter  owe  their  characteristic 
flavom-s  to  certain  essential  oils  and  compound  ethers,  present  in 
very  small  quantity,  either  generated  in  the  act  of  fermentation  or 
purposely  added. 

*  See  Report  on  the  Supply  of  Spirits  of  Wine,  free  from  Auty,  for  use  in 
the  Arts  and  Manufactures,  addvcsseJ  to  the  Chairman  of  In  and  be^emu 
by  Professors  Graham,  Hofmann,  and  Redwood.  (Quarterly  Joiiiual  ol 
Chemical  Society,  vol.  viii,  P-  l'^^^-) 
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In  making  wine,  the  expressed  juice  of  tlie  grape  is  simply  set 
aside  in  large  vats,  where  it  undergoes  spontaneously  the  necessary 
change.  The  vegetahle  albumin  of  the  juice  absorbs  oxygen  from 
the  air,  runs  into  decomposition,  and  in  that  state  becomes  a  ferment 
to  the  sugar,  which  is  gradually  converted  into  alcohol.  If  the 
sugar  be  in  excess,  and  the  azotised  matter  deficient,  the  resulting 
wine  remains  sweet ;  but  if,  on  the  other  hand,  the  projjortion  of 
sugar  be  small  and  that  of  albiimin  large,  a  dry  wine  is  produced. 
When  the  fennentation  stops,  and  the  liquor  becomes  clear,  it  is 
drawn  off  from  the  lees,  and  transferred  to  casks,  to  ripen  and 
improve. 

The  coloivr  of  red  wine  is  derived  from  the  skins  of  the  grapes, 
which  in  such  cases  are  left  in  the  fermenting  liquid.  Effervescent 
wines,  as  champagne,  are  bottled  before  the  fermentation  is  com- 
plete ;  the  carbonic  acid  is  disengaged  under  pressure,  and  retained 
in  solution  in  the  liquid.  A  certain  quantity  of  sugar  is  frequently 
added.    The  process  requires  much  delicate  management. 

During  the  fermentation  of  the  grape-juice,  or  must,  a  ciystalline, 
stony  matter,  called  argol,  is  deposited.  This  consists  chiefly  of 
acid  potassium  tartrate  with  a  little  colouring  matter,  and  is  the 
source  of  all  the  tartaric  acid  met  with  in  commerce.  The  salt  in 
question  exists  in  the  juice  in  considerable  quantity;  it  is  but 
sparingly  soluble  in  water,  but  still  less  so  in  dilute  alcohol :  hence, 
as  the  fermentation  proceeds,  and  the  quantity  of  spirit  increases,  it 
is  slowly  deposited.  The  acid  of  the  juice  is  thus  removed  as  the 
sugar  disa]^pears.  It  is  this  circumstance  which  renders  grape-juice 
alone  fit  tor  making  good  wine ;  when  that  of  gooseberries  or 
currants  is  employed  as  a  siib.stititte,  the  malic  and  citric  acids  which 
these  fruits  contain  cannot  be  thus  withdrawn.  There  is  then  no 
other  resource  but  to  add  su^ar  in  sufficient  quantity  to  mask  and 
conceal  the  natural  acidity  of  the  liquor.  Such  wines  are  necessarily 
ascescent,  prone  to  a  second  fermentation,  and,  to  many  persons  at 
least,  very  unwholesome. 

Beer  is  a  well-knoAvn  liquor,  of  great  antiquity,  prepared  from 
germinated  grain,  generally  barley,  and  is  used  in  countries  where 
the  vine  does  not  flourish.  The  operation  of  malting  is  performed 
by  steeping  the  barley  in  water  until  the  grains  become  swollen 
and  soft,  then  piling  it  in  a  heap  or  couch,  to  favour  the  rise  of 
temperature  caused  by  the  absorption  of  oxygen  from  the  air,  and 
afterwards  spreading  it  upon  a  floor,  and  turning  it  over  from  time 
to  time  to  prevent  unequal  heating.  When  germination  has  pro- 
ceeded far  enough,  the  vitality  of  the  seed  is  destroyed  by  kiln- 
chying.  During  this  process,  a  peculiar  nitrogenous  substance 
called  diastase  is  produced,  which  acts  as  a  ferment  on  the  starch  of 
the  grain,  converting  a  portion  of  it  into  sugar  and  rendering  it 
soluble. 

^In  brewing,  the  crushed  malt  is  infused  in  water  at  about  170°  F. 
07°  C),  and  the  mixture  is  left  to  stand  for  two  hours  or  more. 
The  easily  soluble  diastase  has  thus  an  opportunity  of  acting  iipun 


128 


FATTY  group:  ALCOHOLS  AND  ETHERS. 


the  unaltered  starch  of  the  grain,  and  changing  it  into  dextrin  and 
sugar.  The  clear  liquor,  or  wort,  strained  from  the  exhausted  malt, 
is  next  pumped  up  into  a  copper  boiler,  and  hoiled  with  the  requisite 
quantity  of  hops,  to  communicate  a  pleasaat  bitter  flavour,  and 
confer  on  the  beer  the  property  of  keeping  without  injury.  The 
flowers  of  the  hop  contain  a  bitter,  resinous  principle,  called  liqmlin, 
and  an  essential  oil. 

When  the  wort  has  been  sufficiently  boiled,  it  is  drawn  from 
the  copper,  and  cooled  as  rapidly  as  possible,  to  near  the  ordinary 
temperature  of  the  air,  in  order  to  avoid  an  irregular  acid  fermen- 
tation, to  which  it  would  otherwise  be  liable.  It  is  then  transferred 
to  the  fermenting  vessels,  which  in  large  breweries  are  of  great 
capacity,  and  mixed  with  a  quantity  of  yeast,  the  product  of  a 
preceding  operation,  by  which  the  change  is  speedily  induced. 
This  is  the  most  critical  part  of  the  whole  operation,  and  one  iu 
■which  the  still  and  judgment  of  the  brewer  are  most  called  into 
play.  The  process  is  in  some  measure  under  control  by  attention 
to  the  temperature  of  the  liquid;  and  the  extent  to  whiih  the 
change  has  been  carried  is  easily  known  by  the  diminished  density, 
or  attenuation  of  the  wort.  The  fermentation  is  never  sufl'ered  to 
run  its  full  course,  but  is  always  stopped  at  a  particular  point,  by 
separating  the  yeast,  and  drawing  oif  the  beer  into  casks.  A  slow 
and  almost  insensible  fermentation  succeeds,  which  in  time  renders 
the  beer  stronger  and  less  sweet  than  when  new,  and  charges  it  with 
carbonic  acid. 

Highly  coloured  beer  is  made  by  adding  to  the  malt  a  small 
quantity  of  strongly  dried  or  charred  malt,  the  sugar  of  which  has 
been  changed  to  caramel ;  porter  and  stout  are  so  prepared. 

The  yeast  of  beer  is  a  very  remarkable  substance.  To  the  naked 
eye  it  is  a  greenish-yellow  soft  solid,  nearly  insoluble  in  water,  and 
dries  up  to  a  pale-brownish  mass,  which  readily  putrifies  when 
moistened,  and  becomes  offensive.  Under  the  microscope  it  ex- 
hibits a  kind  of  organised  appearance,  being  made  up  of  little  trans- 
parent globules,  which  sometimes  cohere  in  clusters  or  strings,  like 
some  of  the  lowest  members  of  the  vegetable  kingdom.  Whatever 
may  be  the  real  nature  of  the  substance,  no  doubt  can  exist  that  it 
is  formed  from  the  soluble  azotised  portion  of  the  grain  during  the 
fermentative  process.  No  yeast  is  ever  produced  in  liquids  free 
from  azotised  matter ;  that  added  for  the  purpose  of  exciting  fermen- 
tation in  pure  sugar  is  destroyed,  and  rendered  inert  thereby. 
When  yeast  is  deprived,  by  straining  and  strong  pressure,  of  as 
much  water  as  possible,  it  may  be  kept  in  a  cool  place,  with  unaltered 
properties  for  a  long  time;  otherwise  it  quickly  spoils. 

The  distiller,  who  prepares  spirits  from  grain,  makes  his  wort,  or 
loash  much  in  the  same  manner  as  the  brewer;  he  uses,  however, 
with'  the  malt  a  large  quantity  of  raw  grain,  the  starch  of  whieli 
suffers  conversion  into  sugar  by  the  diastase  of  the  malt,  which  is 
sufticent  for  his  purpose.  He  does  not  boil  his  infusion  with  bops, 
but  proceeds  at  once  to  the  fermentation,  which  he  pushes  as  far  as 
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possible  by  large  and  repeated  doses  of  yeast.  Alcohol  is  manufac- 
tm-ed  in  many  cases  from  potatoes.  The  potatoes  are  ground  to 
pulp,  mixed  with  hot  water  and  a  little  malt,  to  furnish  diastase 
made  to  ferment,  and  then  the  fluid  portion  is  distilled.  The' 
potato-spirit  is  contaminated  by  a  very  offensive  volatile  oil,  again 
to  be  mentioned :  the  crude  product  from  corn  contains  a  substance 
of  a  similar  kind.  The  business  of  the  rectifier  consists  in  removincr 
or  modifying  these  volatile  oils,  and  in  replacing  them  by  others  of 
a  more  agreeable  character. 

In  making  bread,  the  vinous  fermentation  plays  an  important 
part :  the  yeast  added  to  the  dough  converts  the  small  portion  of 
sugar  the  meal  naturally  contains  into  alcohol  and  carbonic  acid 
The  gas  thus  disengaged  forces  the  tough  and  adhesive  materials 
into  bubbles,  which  are  still  further  expanded  by  the  heat  of  the 
oven,  which  at  the  same  time  dissipates  the  alcohol:  hence  the 
light  and  spongy  textiu-e  of  all  good  bread.  The  use  of  leave7i  is 
ot  great  antiquity  :  this  is  merely  dough  in  a  state  of  incipient 
putrefaction.  When  mixed  with  a  large  quantity  of  fresh  dough. 
It  excites  in  the  latter  the  alcoholic  fermentation,  in  the  same 
manner  as  yeast,  but  less  perfectly  ;  it  is  apt  to  communicate  a 
disagreeable  sour  taste  and  odour.  Sometimes  carbonate  of  am- 
monia is  employed  to  lighten  the  dough,  being  completely  vola- 
tihsed  by  the  high  temperature  of  the  oven.  Bread  is  now  some- 
times made  by  mixing  a  little  hydrochloric  acid  and  sodium 
carbonate  in  the  dough  ;  if  proper  proportions  be  taken  and  the 
whole  thoroughly  mixed,  the  operation  appears  to  be  very  sue- 

C6SSIl.ll. 

Another  mode  of  bread-making  is  that  invented  by  the  late  Dr. 
Uauglish,  which  consists  in  agitating  the  dough  in  a  strong  vessel 
with  water  saturated  under  pressure  with  carbonic  acid  gas.  When 
the  dough  thus  treated  is  subsequently  released  from  this  pressure 
and  exposed  to  the  air,  the  gas  escapes  in  bubbles,  and  lightens  the 
mass  as  effectually  as  that  evolved  within  its  substance  by  fermenta- 
tion The  bread  thus  made,  called  "aerated  bread,"  is  of  exceUent 
quaUty  not  being  subject  to  the  deterioration  which  so  frequentlv 
takes  place  m  ordmary  bread,  when  the  fermentation  is  allowed  to 
go  too  far. 

Vinous  fermentation,  that  is  to  say  the  conversion  of  sugar  into 
alcohol  and  carbon  dioxide,  never  takes  place  except  in  presence  of 
some  nitrogenous  body  of  the  albuminoid  class  in  a  state  of  decom- 
position, and  It  IS  always  accompanied  by  the  development  of 
certain  minute  living  organisms— fungi  and  infusoria— like  those 
already  mentioned  as  existing  in  yeast.  So  constantly  indeed  is 
this  the  case  that  many  chemists  and  physiologists  regard  these 
organisnis  as  the  exciting  cause  of  fermentation  and  putrefaction ; 
and  this  view  a]ipears  to  be  corroborated  by  the  fact  that  each 
particular  kind  ol  fermentation  takes  place  most  readily  in  contact 
With  a  certain  living  organism,  or  at  least  with  nitrogcmous  matter 
containing  it;  thus  beer-yeast  contains  two  species  of  fungus,  called 
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Torvula  cerevisice  and  Penicillium  glaucum,  the  cells  of  which  are  of 
very  different  sizes,  so  that  they  may  be  separated  by  filtering  an 
infusion  of  the  yeast,  the  larger  cells  of  the  Torvula  remaining  on 
the  filter,  while  those  of  the  Penicillkmi,  which  are  much  smaller, 
pass  through  with  the  liquid.  Now,  it  is  found  that  the  residue  on 
the  filter  brings  a  solution  of  sugar  into  the  state  of  vinous  fermen- 
tation, whereas  the  filtered  Hquid  induces  lactous  fermentation; 
but  whether  this  efl'ect  is  due  to  the  fungi  themselves,  or  to  the 
peculiar  state  of  the  albuminous  matter  in  which  they  occur,  is 
a  question  not  yet  decided.  The  investigation  is  attended  with 
peculiar  difficulties,  arising  chiefly  from  the  universal  diffusion  of 
the  germs  of  these  minute  organisms,  which  are  present  not  only  in 
all  decaying  albuminous  matter,  and  on  the  skins  of  fniits,  leaves, 
and  other  parts  of  plants,  but  are  likewise  difl'used  through  the  air; 
so  that  in  experiments  made  for  the  purpose  of  ascertaining  whether 
fermentation  can  take  place  without  them,  it  is  extremely  difficult 
to  ensm-e  their  complete  exclusion  from  the  substances  under 
examination.* 


BTHYLIC  ETHERS. 

Ethyl  Chloride,  or  Chlorethane,  CjHjCl,  or  HgC— CHoCl, 
often  called  Hydrochloric  ether— 1o  prepare  this  compouaid,  rec- 
tified spirit  of  wine  is  saturated  with  dry  hydrochloric  acid  gas,  and 
the  product  distilled  at  a  very  gentle  heat ;  or  a  mixture  of  3  parts 
oil  of  vitriol  and  2  parts  of  alcohol  is  poured  upon  4  parts  of  diy 
common  salt  in  a  retort,  and  heat  applied ;  in  either  case  the  vapom- 
of  the  hydrochloric  ether  should  be  conducted  through  a  little  tepid 
water  in  a  wash-bottle,  and  thence  into  a  small  receiver  siuTounded 
by  ice  and  salt.  It  is  purified  from  adhering  water  by  contact  with 
a  few  fragments  of  fused  calcium  chloride. 

Ethyl  chloride  is  a  thin,  colourless,  and  excessively  volatile  liquid, 
of  a  penetrating,  aromatic,  and  somewhat  alliaceous  odour.  At  the 
freezing  point  of  water,  its  sp.  gr.  is  0'921,  and  it  boils  at  12'5°.  It 
is  soluble  in  10  parts  of  water,  is  but  incompletely  decomposed  by 
solution  of  silver  nitrate  M'hen  the  two  are  heated  together  in  a 
sealed  tube,  but  is  quicldy  resolved  into  potassiimi  chloride  and 
ethyl  alcohol  by  a  hot  aqueous  solution  of  caustic  potash  : 

C2H5CI  -I-  KOH  =  KCl  +  CoHjOH. 
"With  alcoholic  potash,  on  the  other  hand,  or  potassium  ethylate,  it 
yields  ethyl  oxide,  or  common  ether : 

CACl  +  C2H5OK  =  KCl  +  {Q^IL^\0. 
Heated  with  soda-lime,  it  yields  etiienc  or  olefiant  gas : 

SC^H^Cl  +  Na^O  =  2NaCl  +  H^O  +  2C2H,. 

*  See  the  article  "Fermentation,"  in  Watts's  Dictionary  of  Chemistry, 
vol.  ii.  p.  G23. 


ETHTLIC  ETHERS. 


131 


When  vapoiir  of  ethyl  chloride  is  mixed  ^vith  chlorine  gas  in  a 
vessel  exposed,  tirst  to  difl'used  daylight,  and  afterwards  to  direct 
sunshine,  hycbo chloric  acid  is  formed,  and  the  chlorine  displaces 
one  atom  of  hydrogen  in  the  ethyl  chloride,  producing  monochlori- 
nated  ethyl  chloride,  ethene  chloride  or  dichlorethane,  CHjCL, 
(p.  70).  By  the  prolonged  action  of  chlorine  in  excess,  the  com- 
pounds C2H3CI3,  C2H2CI,,  C2HCI5,  and  CijClc,  are  produced  (pp. 

Ethyl  Bromide,  or  Bromethane,  C,H.Br,  also  called  Hydro- 
bromic  ether,  is  prepared  by  distilling  a  mixtm-e  of  8  parts  bromine, 
1  part  phosphorus,  and  39  parts  alcohol.  It  is  a  very  volatile 
liquid,  heavier  than  water,  having  a  penetrating  taste  and  odour, 
boiling  at  41°.  n    r  o  , 

Ethyl  Iodide,  or  lodethane,  CgHJ,  also  called  Hydriodic 
ether,  may  be  conveniently  prepared  with  5  parts  of  phosphoru.s 
/O  parts  of  alcohol  (of  0-84  sp.  gr.),  and  100  parts  of  iodine.  The 
phosphorus  is  mtroduced  into  a  tubulated  retort,  covered  with  part 
ot  the  alcohol,  and  heated  to  fusion.  The  rest  of  the  alcohol  is 
poured  upon  the  lodme,  and  the  solution  thus  obtained  is  allowed 
to  flow  gradually  through  a  tap-funnel  into  the  retort.  The  brown 
liquid  IS  at  once  decolorised,  and  ethyl  iodide  distils  over,  which  is 
condensed  by  a  good  cooling  apparatus.  The  distillate,  consisting 
ot  alcohol  and  ethyl  iodide,  is  again  poured  on  the  residuary  iodine, 
which  IS  thus  rapidly  dissolved,  introduced  into  the  retort,  and  ulti- 
mately entirely  converted  into  ethyl  iodide.  The  latter  is  washed 
with  water  to  remove  adhering  alcohol,  separated  from  this  water 
by  a  tap-limnel,  digested  with  calcium  chloride,  and  rectified  in  the 


a 
It 


water-bath.  Ethyl  iodide  may  also  be  formed  by  heating  in 
sealed  glass  ve.ssel  a  mixture  of  hydriodic  acid  and  defiant  gas.  lu 
is  a  colourless  hquid,  of  penetrating  ethereal  odoiu-,  having  a  density 
of  1-92,  and  boibng  at  72°.  It  becomes  red  by  exposure  to  light, 
trom  a  commencement  of  decomposition.  This  substance  has  be- 
come highly  important  as  a  source  of  ethyl,  and  from  its  remarkable 
deportment  with  ammonia,  which  ^iU  be  discussed  in  the  Section 
on  Amines. 

(ChW)  °tv^'  ^V'?  ^*^f^'  C,H,„0  =  C,H,,O.C,H,= 
*.J^2-ti5;2'-'-— '  his  compound,  also  called  common  ether,  or  simply 
ether  contains  the  elements  of  2  molecules  of  alcohol  minus 
•I  molecule  of  water  : 

and  it  is  in  fact  produced  by  the  action  of  various  dehydratiim- 
agents,  such  as  zinc  chloride,  phosphoric  oxide,  and  strong  sul- 
ptiunc  acid,  upon  alcohol.  The  process  does  not  appeal',  however 
to  be  one  ot  direct  dehydration,  at  least  in  the  case  of  sulphuric 
acia;  lor  when  that  acid  is  heated  with  alcohol  to  a  certain  tern- 
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perature,  it  does  not  become  weaker  by  taking  water  from  the 
alcohol,  but  ether  and  water  distil  over  together,  and  the  sulphuric 
acid  remains  in  its  original  state,  ready  to  act  in  the  same  manner 
on  a  fresh  portion  of  alcohol.  The  reaction  is  in  fact  one  of  sub- 
stitution, the  ultimate  result  being  the  conversion  of  alcohol, 
CoH.(OH),  into  ether,  C2H5(OC2H5),  by  the  substitution  of  ethyl 
for  hydrogen.  The  manner  in  which  this  takes  place  vnll  be  better 
understood  when  another  mode  of  the  formation  of  ether  has  been 

explained.  -r-r    •       ^  ^ 

When  a  solution  of  sodium  ethjdate,  NaOC2H5,  lu  anhydrous 
alcohol,  obtained  by  dissolving  sodium  to  saturation  in  that  bquid, 
is  mixed  with  ethyl  iodide,  double  decomposition  takes  place, 
resulting  in  the  formation  of  sodium  iodide  and  ethyl  oxide: 
NaOC^Hs  +  C2H5I  =  Nal  +  C.UfiC^R,. 
The  result  would  be  the  same  if  chloride  or  bromide  of  ethyl  were 
substituted  for  the  iodide :  moreover,  when  methyl  iodide  is  added, 
instead  of  the  ethyl  iodide,  an  oxygen-ether  is  formed  containing 
both  ethyl  and  methyl: 

NaOCaH^    +    CH3I    =    NaT    +  C2H5OCH3. 

Sodium  etliylate  Methyl  Ethyl-methyl 

iodide.  ether. 

In  each  case  the  reaction  consists  in  an  interchange  between  the 
sodium  and  the  alcohol-radicle. 

Now,  when  alcohol  is  heated  M'ith  strong  sulphuric  acid,  the 
first  result  is  the  formation  of  ethylsulphuric  acid,  80,(002115)011, 
by  substitution  of  ethyl  for  hydrogen  in  the  acid : 

S02(0H)(0H)  +  C2H3(OH)  =  H(OH)  +  S02(OC2H,)(OH) ; 

Sulphuric  Alcohol.  Water.  Ethylsulphuric 

acid.  acid. 

and  when  the  ethylsulphuric  acid  thus  formed  is  brought  in  contact, 
at  a  certain  temperature,  with  a  fresh  portion  of  alcohol,  the  reverse 
substitution  takes  place,  resulting  in  the  formation  of  ethyl  oxide 
and  sulphuric  acid  : 

S02(OC,H5)(OH)  +  C2H5(OH)  =  C2H5OC2H5  +  S02(OH)2. 

Ethylsulphuric  Alcohol  Ether.  Sulphuric 

acid.  "cid- 

The  sulphuric  acid  is  thus  reproduced  in  its  original  state,  and  if 
the  supply  of  alcohol  be  kept  up,  and  the  temperature  mauitained 
within  certain  limits,  the  same  series  of  actions  is  continually 
repeated,  and  ether  and  water  distil  over  together. 

The  most  favourable  temperature  for  etherili cation  is  between 
127°  and  154°  C.  (260°  and  310°  F.);  below  127°  very  little  ether 
is  produced,  and  above  154°  a  diflerent  reaction  takes  place,  result- 
incr  in  the  'formation  of  olefiant  gas.  The  maintenance  of  the 
temperature  witliin  the  ether-producing  limits  is  best  effected^  by 
boiliu"  the  mixture  of  sulphuric  acid  and  alcohol  in  a  flask  into 
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which  a  further  quantity  of  alcohol  is  suppHed  in  a  continuous 
and  regulated  stream.    This  is  called  the  mitinuous  ether  process. 

Fig.  14.  . 


A  wule-necked  flask  a  (fig.  14),  is  fitted  with  a  sound  cork  per- 
forated by  thre(!  apertures,  one  of  whicli  is  destined  to  receive  a 
thennometer  with  the  graduation  on  the  stem;  a  second,  the  vertical 
portion  of  a  long,  nan-ow  tube,  terminating  in  an  orifice  of  about 
of  an  inch  in  diameter;  and  the  third,  a  wide  bent  tube,  c,  connected 
with  the  condenser,  to  carry  off  the  volatilised  j)roductR.  A  mixture 
If.  made  of  8  parts  l)y  weight  of  concentrated  sulphuric  acid,  and  5 
parts  of  rectified  spirit  of  wine,  of  alwut  0'834  sp.  gr.  This  is  intro- 
duced into  the  flask,  and  heated  Ijy  a  lamp.  The  liquid  soon  boils, 
and  the  thermouieter  very  shortly' indicates  a  temperatni-e  of  140°  C. 
(284'  F.).  "When  this  happens,  alcohol  of  the  al)ovedensity  is  suifered 
slowly  to  enter  by  the  naiTow  tube,  which  is  put  into  commuuicsation 
with  a  reservoir  /j,of  that  licpiid,  consisting  of  a  large  bottle  perforated 
by  a  hole  near  the  bottom,  and  furnished  with  a  small  brass  stop- 
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cock  fitted  by  a  cork  :  the  stopcock  is  secured  to  the  end  of  the  long 
tube  by  a  caoutchouc  connector.  As  the  tube  passes  nearly  to  the 
bottom  of  the  flask,  the  alcohol  gets  thoroughly  mixed  ■v\'ith  the 
acid  liquid,  the  pressure  of  the  fluid  column  being  sufficient 
to  ensure  the  regularity  of  the  flow ;  the  quantity  is  easily 
adjusted  by  the  aid  of  the  stopcock.  For  condensation  a  Liebig's 
condenser  may  be  used,  supplied  with  ice- water. 

The  degree  of  heat,  and  the  supply  of  alcohol,  must  be  so  ad- 
justed that  the  thermometer  may  remain  at  140°,  or  as  near  that 
temperatixre  as  possible,  while  the  contents  of  the  flask  are  main- 
tained in  a  state  of  rapid  and  violent  ebullition — a  point  of  essential 
importance.  Ether  and  water  distil  over  together,  and  collect  in 
the  receiver,  forming  two  distinct  strata  :  the  mixture  slowly 
blackens,  from  some  slight  secondary  action  of  the  acid  upon  the 
spirit,  or  upon  the  impurities  in  the  latter,  but  retains,  after  many 
hours'  ebullition,  its  etherifying  powers  tmimpaired.  The  acid, 
however,  slowly  volatilises,  partly  in  the  state  of  oil  of  ioine,  and 
the  quantity  of  liquid  in  the  flask  is  found,  after  the  lapse  of  a 
considerable  interval,  sensibly  diminished.  This  loss  of  acid  con- 
stitutes the  only  limit  to  the  duration  of  the  process,  which  might 
otherwise  be  continued  indefinitely. 

On  the  large  scale,  the  flask  may  be  replaced  by  a  vessel  of  lead, 
the  tubes  being  also  of  the  same  metal :  the  stem  of  the  thermo- 
meter may  be  made  to  pass  air-tight  through  the  cover,  and  heat 
may  perhaps  be  advantageously  applied  by  high-pressure  steam,  or 
hot  oil,  circulating  in  a  spiral  tube  of  metal  immersed  in  the  mixture 
of  acid  and  spirit. 

The  crude  ether  is  to  be  separated  from  the  water  on  which  it 
floats,  agitated  with  a  little  solution  of  caustic  potash,  and  redistilled 
by  the  heat  of  warm  water.  The  aqueous  portion,  treated  with  an 
allcaline  solution,  and  distilled,  yields  alcohol  containing  a  little 
ether.  Sometimes  the  spontaneous  separation  before  mentioned 
does  not  occur,  from  the  accidental  presence  of  a  larger  quantity  than 
usual  of  undeconiposed  alcohol ;  the  addition  of  a  little  Avater",  how- 
ever, always  suffices  to  determine  it. 

Pure  ethylic  ether  is  a  colourless,  transparent,  fragrant  liquid, 
very  thin  and  mobile.  Its  specific  gravity  at  15-5°  is  about  0-720 ;  it 
boils  at  35-6°  C.  (96°  F.)  under  the  pressure  of  the  atmosphere,  and 
bears  without  freezing  the  severest  cold.  When  dropped  on  the 
hand  it  occasions  a  sharp  sensation  of  cold,  from  its  rapid  volatilisa- 
tion. Ether  is  very  combustible,  and  burns  with  a  white  flame, 
generating  water  and  carbon  dioxide.  Although  the  substance 
itself  is  one  of  the  lightest  liquids,  its  vapour  is  very  heavj,  haAang 
a  density  of  2-586  (referred  to  air).  Mixed  with  oxygen  gas,  and 
fired  by  the  .electric  spark,  or  otherwise,  it  explodes  wiih  the  utmost 
violence.  Preserved  in  an  imperfectly  stop]ied  vessel,  ether  absorbs 
oxygen,  and  becomes  acid  from  the  production  of  acetic  acid :  this 
attraction  for  oxygen  is  increased  by  elevation  of  temperature.  It 
is  decomposed  by  transmission  througli  a  red-hot  tube  into  ethene^ 
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methane,  aldehyde,  and  acetylene,  and  two  substances  yet  to  be 
described. 

Ether  is  miscible  with  alcohol  in  aU  proportions,  but  not  with 
water;  it  dissolves  to  a  small  extent  in  that  liquid,  10  parts  of  water 
taking  up  about  1  part  of  ether.  It  may  be  separated  from  alcohol, 
provided  the  quantity  of  the  latter  is  not  excessive,  by  addition  of 
water,  and  in  this  manner  samples  of  commercial  ether  may  be  con- 
veniently examined.  Ether  dissolves  oUy  and  fatty  substances  gene- 
rally, and  phosphorus  to  a  small  extent,  also  a  few  saline  compoimds 
and  some  organic  principles ;  but  its  powers  in  this  respect  are  much 
much  more  Uraited  than  those  of  alcohol  or  water. 

Anhydrous  ether,  subject  to  the  action  of  chlorine,  yields  the 
three  substitution-products,  C^HgClaO,  CiHgCl^O,  and  C4CI10O,  the 
first  two  of  which  are  liquids,  while  the  third,  produced  by  the  pro- 
longed action  of  chlorine  on  ether  in  sunshine,  is  a  crystalline  solid. 
The  second  chlorine  compound  is  converted  by  hydrogen  siilphide 
into  the  two  crystalline  compounds  C4HgCl2SO  and  C4HgS20. 

Ethyl-methyl  oxide,  Ethyl-methyl  ether,  Ethyl  methylate,  or  Methyl 
ethylate,  C^H^O  =  CjHgOCHg,  is  produced,  as  already  mentioned, 
by  the  action  of  methyl  iodide  on  potassiimi  ethylate,  or  of  ethyl 
iodide  on  potassium  methylate.  It  is  a  very  inflammable  liquid, 
boiling  at  11°. 

Ethyl  Nitrate,  C2H5NO3,  or  C^H.fi'NO^.— Nitric  ether.— When 
nitric  acid  is  heated  with  alcohol  alone,  part  of  the  alcohol  is  oxidised, 
and  the  nitric  acid  is  reduced  to  nitrous  acid,  which,  with  the 
remainder  of  the  alcohol,  forms  ethyl  nitrite,  CjHgNOg,  together  with 
other  products ;  but  by  adding  urea  to  the  liquid,  which  decomposes 
the  nitrous  acid  as  fast  as  it  is  formed,  this  action  may  be  prevented, 
and  the  alcohol  and  nitric  acid  then  form  ethyl  nitrate.  The  experi- 
ment is  most  safely  conducted  on  a  small  scale,  and  the  distillation 
must  be  stopped  when  seven-eighths  of  the  whole  have  passed  over ; 
a  little  water  added  to  the  distilled  product  separates  the  nitric  acid. 
Nitric  ether  boils  at  86°  or  86°,  and  has  a  density  of  1-112  at  15° :  it  is 
insoluble  in  water,  has  an  agreeable  sweet  taste  and  odoiu',  and  is 
not  decomposed  by  an  aqueous  solution  of  caustic  potash,  although 
that  substance  dissolved  in  alcohol  attacks  it  even  in  the  cold,  with 
production  of  potassium  nitrate.  Its  vapour  is  apt  to  explode  when 
strongly  heated. 

Ethyl  Nitrite,  CjjHgNOa  =  CgHs—O— NO.— iVi^roMs  ether.— 
This  compound,  isomeric  with  nitro-ethane,  C2Hf, — NOj,  can  be 
obtained  pure  only  by  the  direct  action  of  the  acid  itself  upon 
alcohol.  One  part  of  starch  and  10  parts  of  nitric  acid  are  gently 
heated  in  a  capacious  retort  or  flask,  and  the  vapour  ol  nitrous  acid 
thereby  evolved  is  conducted  into  alcohol  mixed  with  half  its  weight 
of  water,  contained  in  a  two-necked  bottle,  which  is  to  be  plunged 
into  cold  water,  and  connected  with  a  good  condensing  arrangeirient. 
Rise  of  temperature  must  be  carefully  avoided.  The  product  of  this 
operation  is  a  pale-yellow  volatile  'liquid,  having  an  exceedingly 
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agi-eeable  odour  of  apples:  it  boils  at  16-4°,  and  has  a  density  of 
0-947  at  15°.  It  is  decomposed  by  potash,  without  darkening,  into 
potassium  nitrite  and  alcohol. 

The  sweet  spirits  of  nitre  of  pharmacy,  prepared  by  distilling  three 
pounds  of  alcohol  with  four  ounces  of  nitric  acid,  is  a  solution  of 
nitrous  ether,  aldehyde,  and  several  other  substances,  in  sijirit  of 
wine. 

Ethyl  Sulphates — There  are  two  of  these  ethers,  analogous  to 
the  methyl  sulphates. 

Acid  Ethyl  sulphate,  Mhylsulphuric  acid,  or  Sulphovinic  acid, 
C^HeSO,  =  C^Hs.O.SOjH  =  SO,iOC,R,)(0}I)  =  S04(C2Hj)H,  which 
has  the  composition  of  sulphuric  acid,  SO4H2,  with  half  the  hydro- 
gen replaced  by  ethyl,  is  formed  by  the  action  of  sulphuric  acid  upon 
alcohol.  To  prepare  it,  strong  rectified  spirit  of  ^viue  is  mixed  with 
twice  its  weight  of  concentrated  sulphuric  acid:  the  mixture  is 
heated  to  its  boiling  point,  and  then  left  to  cool.  When  cold  it  is 
diluted  with  a  large  quantity  of  water,  and  neutralised  with  chali, 
whereby  much  calcium  sulphate  is  produced.  The  mass  is  placed 
upon  a  cloth  filter,  drained,  and  pressed ;  and  the  clear  solution  is 
evaporated  to  a  small  bulk  by  the  heat  of  a  water-bath,  filtered  from 
a  little  sulphate,  and  left  to  crystallise :  the  product  is  calcium  ethyl- 
sulphcUe,  in  beautiful,  colourless,  transparent  crystals,  contaimng 
Ca(C2H5)2(S04)2.2H20.  They  dissolve  in  an  equal  weight  of  cold 
water,  and  effloresce  iu  a  dry  atmosphere. 

Barium  Ethylsulphate,  Ba(C2H.),SO,.2H,0,  equally  soluble,  and 
still  more  beautiful,  may  be  produced  by  substituting,  iu  the  above 
process,  barium  carbonate  for  chalk.  From  this  salt  the  acid 
may  be  procui-ed  by  exactly  precipitating  the  base  with  dilute  sul- 
phuric acid,  and  evaporating  the  filtered  solation  in  a  vacuum  at 
the  temperatui-e  of  the  air.  It  forms  a  sour,  syrupy  liquid,  in 
which  sulphuric  acid  cannot  be  recognised  by  the  ordinary  reagents, 
and  is  very  easily  decomposed  by  heat,  and'  even  bv  loug  exposure 
m  the  vacuum  of  the  air-pump.  All  the  ethylsulphates  ai-e 
soluble ;  the  solutions  are  decomposed  by  boilmg.  Tlie  lead-salt 
resembles  the  barium-compound.  The  potassium  salt,  K(C2H.)S04 
—easily  made  by  decomposing  calcium  ethvlsulphate  with  potassium 
carbonate— IS  anhydi-ous,  permanent  in  the  air,  very  soluble,  and 
crystallises  well. 

Potassium  ethylsulphate  distilled  Avith  strong  sulphuric  acid, 
yields  ethyl  o.xide  with  dilute  sidphm-ic  ^icid,  alcohol;  and  with 
strong  acetic  acid,  ethyl  acetate. 

Isethionic  acid,  isomeric  with  ethylsulphuric  acid,  will  be  described 
amongst  etheuic  ethers. 

Neutral  Ethyl  sulphate,  (CaH^aSO.,,  or  S0„(0C.,Hs)2,  is  formed  by 
passing  tlie  vapour  of  sulphm-ic  o.^ide  into  perfectly  anhydrous  ether. 
A  syrupy  liquid  is  produced,  which,  wlien  shaken  with  4  volumes 
of  water  and  1  volume  of  ether,  separates  into  two  layers,  the  lower 
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containing  ethylsiilphuric  acid  and  various  otlier  compounds,  while 
the  upper  layer  consists  of  an  ethereal  solution  of  neutral  ethyl  sul- 
phate. At  a  gentle  heat  the  ether  is  volatilised,  and  the  ethyl  sul- 
phate remains  as  a  colourless  liquid.  It  cannot  be  distilled  without 
decomposition. 

Ethyl  SulpMtes. — Tlie  symmetric  neutral  mlphite,  ^^"^qq^I 

is  formed  by  the  action  of  thionyl  chloride,  SOCl,,  or  of  sidphur 
dichloride,  SgClj,  on  absolute  alcohol : 

SOCI2  +  aCCaHj.OH)  =  2HCI  +  SOCOCgHJa 

S2CI2  -1-  SCCaHj.OH)  =  CaH^.SH  +  2HC1  +  SOCOOaHii)^. 

The  mercaptan,  likewise  formed  in  the  last  reaction,  sufl'ers  further 
decomposition. 

Ethyl  sulphite  is  a  limpid,  strong-smelling  liquid,  having  a 
specific  gravity  of  1'085  at  0°,  boiling  at  161°,  decomposed  by  water 
into  alcohol  and  sulphm-ous  acid.    With  phosphoi-us  ventachloride  it 

00  H 

forms  the  chloride,  SO<^^^2^5  ( 

isomeric  with  etbylsulphonic  chlo- 
ride), which  boUs  at  122°,  and  is  decomposed  by  water  into  alcohol 
hydrochloric  acid  and  sulphurous  acid. 

When  ethyl  sulphite  is  mixed  with  an  equivalent  quantity  of 
potassium  hydroxide  in  dilute  solution,  crystalline  scales  are  formed, 

0  C  H 

consisting  of  the  salt,  S0<^q^2  s  ^  which  may  be  regarded  as  the 

potassium  salt  of  ethylsulphurous  acid,  isomeric  with  ethylsulphonic 
acid.  The  aqueous  solution  of  this  salt  easily  splits  up  into  potas- 
sium sulphite  and  ethyl  alcohol. 

Ethylsulphonic  acid,  CaHySOa-OH,  formed  by  the  action  of 
ethyl  iodide  on  potassium  or  sodiiun  sulpliite  (p.  113),  is  a  thick 
crystallisable  liquid, which  is  oxidised  bynitricacidtoethylsulphuric 
acid,  SO/CaHg)!!.  Its  lead-salt,  (C2H5.S03)2Pb,  crystallises  in  easily 
soluble  laminfe.  The  ethylic  ether,  CgHg.SOa.OCjHr,  likewise  ob- 
tained by  heating  silver  sulphite  with  ethyl  iodide,  is  a  liquid 
having  a  specific  gravity  of  1-17  at  0^,  and  boiling  at  208°. 

The  chloride,  C2H5.SO2CI,  is  a  liquid  boiling  at  173°. 

Ghlorethylsulphonic  acid,  CgH^Cl.SOg.OH,  is  produced  by  the  action 
of  phosphorus  pentachloride  on  isethionic  acid,  C2ll4(OH).S03H. 

Ethylsulphimcacid,C2H,.S0.6H.— Thezincsalt,(C2H,.S02)2Zii, 
formed  by  the  action  of  sulphur  dioxide  on  zinc-ethido  (p.  114), 
crystallises  in  shining  lamina;.  By  oxidation  with  nitric  acid,  the 
acid  is  converted  into  ethylsulphonic  acid. 

Ethyl  Phosphates.— Three  ethyl  orthojihosphatos  have  been 
obtained,  two  acid  and  one  neutral,  analogous  in  composition  to 
the  sodium  phosphates ;  also  a  neutral  pyrophosphate. 

fT^nZfi'-lvr  vn???'"**''  ^triphosphoric  acid,  (C2JT,)H2P0^,  or 
^rU)  (,UL2-ri5)(Ufl)2,  also  called  Fhosphovinic  acid. — This  acid  is 
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bibasic.  Its  barium  salt  is  prepared  by  heating  to  82°  a  mixture  of 
equal  weights  of  strong  alcohol  and  syrupy  phosphoric  acid,  dilut- 
ing this  mixture,  after  a  lapse  of  24  hours,  with  water,  and  neutralis- 
ing with  barium  carbonate.  The  solution  of  ethylphosphate, 
separated  by  filtration  from  the  insoluble  phosphate,  is  evaporated 
at  a  moderate  temperature.  The  salt  crystallises  in  brOliant  hexa- 
gonal plates,  which  have  a  pearly  lustre,  and  are  more  soluble  in 
cold  than  in  hot  water ;  it  dissolves  in  15  parts  of  water  at  20°. 
The  crystals  contain  (C2H5)BaP04.6H20.  From  this  salt  the  acid 
may  be  obtained  by  precipitating  the  barium  with  dilute  sulphuric 
acid,  and  evaporating  the  filtered  liquid  in  the  vacuum  of  the  air- 
pump  :  it  forms  a  colourless,  syrupy  liquid,  of  intensely  sour  taste, 
sometimes  exhibiting  appearances  of  crystallisation.  It  is  very 
soluble  in  water,  alcohol,  and  ether,  and  easily  decomposed  by  heat 
when  in  a  concentrated  state.  The  ethylphosphates  of  calcium, 
silver,  and  lead,  are  but  slightly  soluble ;  those  of  the  alkali-metals, 
magnesium,  and  strontium,  are  freely  soluble. 

biahylic  Phosphate,  or  Diethylphosphoric  acid,  (C2H5)2,HP04,  or 
(POy"(OC2H5)2(OH),  is  a  monobasic  acid,  obtained,  together  with 
the  precedingj'by  the  action  of  syrupy  phosphoric  acid  upon  alcohol. 
Its  barium,  silver,  and  lead-salts  are  more  soluble  than  the  methyl- 
phosphates.  The  calcium  salt,  {C.^rXC&iVOi)^,  and  the  lead-salt, 
(G^B.XVhi^O^a,  are  anhydrous. 

Triethylic  Phosphate,  {O^B.-X'^Oi,  or  (PO)"'(OC2H5)3,  is  obtamed 
in  small  quantity  by  heating  the  lead-salt  of  diethylphosphoric 
acid  to  100°;  more  easily  by  the  action  of  ethyl  iodide  on  triargentic 
phosphate,  or  of  phosphorus  oxychloride  on  sodium  ethylate : 

SCaHgONa  +  iVO)Q\  =  3NaCl  +  (PO)(OC2H5)3 . 

It  is  a  limpid  liquid  of  specific  gravity  1-072  at  12°,  boiling  at  215°, 
soluble  in  alcohol  and  ether,  and  also  in  water,  by  which,  however, 
it  is  slowly  decomposed. 

Tetrethylic  Pyrophosphate,  {Q^Jl^)^fi^,  produced  by  the  action  of 
ethyl  iodide  on  argentic  pyrophosphate,  is  a  viscid  liquid  of  specific 
gravity  1-172  at  \T,  decomposed  by  potash,  with  formation  of 
potassium  diethylphosphate. 

Ethyl  Phosphites. — Symmetrical  Triethyl  Phosphite,  P(0.C2H,;).„ 
formed  by  the  action  of  phosphorus  trichloride  on  ethyl  alcohol, 
boils  at  191°. 

Ethylphosphonic  acid,  (C2Hg)PO(OH)2,  formed  by  oxidation  of 
primary  ethylphosphine  with  nitric  acid,  is  a  solid  body  melting 
at  44°  (p.ll4). 

Ethyl  BoTSites.— Triethylic  Borate,  (€2115)3603,  is  formed  by  the 
action  of  boron  trichloride  on  alcohol : 

SCaHgCOH)  +  BCI3  =  3HC1  +  (C2H5)3B03  ; 
also,  together  with  monethylic  borate,  by  heating  boric  oxide  with  1 
absolute  alcoliol. 
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Tt  is  a  thin  limpid  liquid,  of  agreeable  odour,  specific  gravity 
f)-885,  boiling  at  119°,  decomposed  by  water.  Its  alcoholic  solution 
burns  with  a  green  flame,  throwing  off  a  thick  smoke  of  boric  acid. 
Treated  with  zinc-ethyl,  it  yields  borethyl,  B(C2Hj5)3,  a  colour- 
less, mobile,  pungent,  spontaneously  inflammable  liquid,  having 
a  specific  gravity  of  0-696,  and  boiling  at  95°. 

Mmiethylic  Borate,  C2H5BO2,  is  a  dense  inodorous  liquid,  having 
at  120°  the  consistence  of  oil  of  vitriol.  It  cannot  be  distilled 
without  decomposition,  beiag  resolved  at  high  temperatures 
into  triethvlic  borate  and  monethyUc  triborate,  0,1156305,  or 
C2H5BO2.B2O3: 

4(C2H5)B02  =  {C,^s)3^0,  +  {C,R,)B,0,. 

The  latter  remains  as  a  mass  resembling  gum-arabic  :  it  attracts 
moisture  from  the  air,  and  becomes  covered  with  a  crust  of  boric 
acid. 

Ethyl  Silicates.— Tetreth7jlic  Silicate,  {C2H^)iSiOi,  or  Si(0C2Hg),, 
is  produced  by  treating  sUicic  chloride  with  a  small  quantity  of 
anhydrous  alcohol : 

4C2H.OH  -t-  SiCl^  =  4HC1  +  SiCOCjHsX. 

It  is  a  colourless  liquid,  having  a  rather  pleasant  ethereal  odour, 
and  strong  peppery  taste ;  specific  gravity  0'933  at  20°.  It  boils 
without  decomposition  between  165°  and  166°,  and  when  set  on  fire 
burns  with  a  dazzling  flame,  diffusing  a  white  smoke  of  finely 
divided  silica.  It  is  decomposed  slowly  by  water,  quickly  by 
ammonia  and  the  fixed  alkalis. 

Silicic  ethers  containing  ethyl  and  methyl,  and  ethyl  and  amyl, 
hare  likewise  been  obtained. 


Ethylic  Thio-alcohol  and  Ethers. 

Ethyl  Hydrosulphide,  Ethylic  Thio-alcohol,  or  Mercaptan, 
C2H5SH. — This  compound,  the  sulphur  analogue  of  ethyl  alcohol, 
is  produced,  analogously  to  methyl  hycbosulphide  (p.  122),  by  the 
action  of  potassium  hydrosulphide  on  calcium  ethylsulphate.  A 
sohition  of  caustic  potash  of  specific  gravity  1'28  or  1'3,  is  saturated 
with  sulphuretted  hydrogen,  and  mixed  in  a  retort  with  an  equal 
volume  of  solution  of  calcium  ethylsulphate  of  the  same  density. 
The  retort  is  connected  with  a  good  condenser,  and  heat  is  applied 
by  means  of  a  bath  of  salt  and  water.  Mercaptan  and  water  distil 
over  together,  and  are  easily  separated  by  a  tap-funnel.  The 
product  thus  obtained  is  a  colourless,  limpid  liquid,  of  specific 
gravity  0-8325  at'  21°,  slightly  soluble  in  water,  easily  miscible  with 
alcohol.  It  boils  at  36°.  The  vapour  of  mercaptan  has  11  most 
intolerable  odour  of  onions,  which  adheres  to  the  clothes  and  pert^on 
with  great  obstinacy :  it  is  very  inflammable,  and  burns  with  a  blue 
flame. 
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When  mercaptan  is  brought  in  contact  with  mercuric  oxide, 
even  in  the  cold,  violent  reaction  ensues,  water  is  formed,  and  a 
white  substance  is  produced,  soluble  in  alcohol,  and  separating 
from  that  liquid  in  distinct  crystals  which  contain  Hg(SC2Hj)2. 
This  compound  is  decomposed  by  sulphuretted  hydrogen,  mercuric 
sulphide  being  thro-vvn  down,  and  mercaptan  reproduced.  By 
adding  solutions  of  lead,  copper,  silver,  and  gold  to  an  alcoholic 
solution  of  mercaptan,  corresponding  compounds  containing  those 
metals  are  formed.  Caustic  potash  produces  no  effect  upon  mer- 
captan, but  potassium  displaces  hydrogen,  and  gives  rise  to  a  crys- 
tallisable  compound,  CgH^SK,  soluble  in  water.  Sodium  acts  in  a 
similar  manner. 

Ethyl  Sulphides. — Three  of  these  compounds  have  been  ob- 
tained, analogous  in  composition  to  the  methyl  sulphides,  and 
produced  by  similar  reactions.  The  monosulphide,  (C2H5)2S,  or 
CgHjSCjHg,  is  a  colourless  oily  liquid,  having  a  very  pungent 
alliaceous  odour,  a  specific  granty  of  0-825  at  20°,  and  boiling  at 
91°.  It  is  very  inflammable,  and  burns  with  a  blue  flame.  When 
poured  into  chlorine  gas,  it  takes  fire ;  but  M^hen  dry  chlorine  is 
passed  into  a  flask  containing  it,  not  at  first  into  the  liquid,  the 
vessel  being  kept  cool  and  in  the  shade,  substitution-products  are 
formed  and  hydrochloric  acid  is  copiously  evolved.  The  product 
consists  chiefly  of  dichlorethylic  sulphide,  (C2H^C1)2S.  If 
the  action  takes  place  in  diff'used  daylight,  and  without  extertial 
cooling,  the  compounds  (02112013)28  and  (0,HC1  are  obtained, 
which  may  be  separated  by  fractional  distillation,  the  first  boiling 
between  189°  and  192°,  the  second  between  217°  and  222°.  The 
action  of  chlorine  on  ethyl  sulphide  in  sunshine  yields  a  more 
highly  chlorinated  compound,  probably  (0,0l5),S. 

Ethyl  bisulphide,  (0211^)282,  obtained  by  distilling  potassium  bi- 
sulphide with  potassium  ethylsulphate  or  with  ethyl  oxalate,  is  a 
colourless  oily  liquid,  very  inflammable,  boiling  at  151°.  The  ti-i- 
sulphide,  (02115)283,  is  a  heavy  oily  liquid,  obtained  by  acting  in  like 
manner  on  potassium  peutasulphide. 

Triethylsulphurous  Compounds.— When  ethyl  monosulphide 
and  ethyl  iodide  are  heated  together,  they  unite  and  form  sul- 
phurous iodotriethide,  (02H5)S.O.,HJ,  or  S"'(0,H5)3l,  which 
crystallises  in  needles.  The  same  compound  is  formed  by  the 
action  of  ethyl  iodide  on  ethyl  hydi-osulphide : 

2O2H6I  -f-  O2H5SH  =  HI  -I-  S(C2H.)3l, 

or  of  hydrogen  iodide  on  ethyl  monosulphide : 

HI  +  2{C,-a,),&  =  C^H.SH  +  S(C2H5)3l. 

Sulphurous  iodotriethide  is  insoluble  in  ether,  slightly  soluble  in 
alcoliol,  and  crystallises  from  the  solution  in  M-lute  deliquescent 
needles  belonging  to  the  mouoclinic  system.  It  unites  with  metalUc 
chlorides. 
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Etliyl  chloride  and  ethyl  bromide  unite  in  like  manner,  but  less 
readily,  with  ethyl  sulphide,  forming  the  compounds  S(C2H5)3C1 
and  S(C2H5)3Br,  both  of  which  crystallise  in  needles. 

By  treating  the  iodine-compound  with  recently  precipitated  silver 
oxide,  a  strongly  alkaline  solutiou  is  obtained,  which  dries  up  over 
oil  of  vitriol  to  a  crystalline  deliquescent  mass,  consisting  of  sul- 
phurous triethyl-hydi'oxylate,  (€2115)38(011).  The  solution 
of  this  substance  dissolves  the  skin  like  caustic  potash,  and  forms 
similar  precipitates  with  various  metallic  salts.  It  neutralises  acids, 
forming  definite  crystallisable  salts,  e.g.,  the  nitrate,  (C,H.)qS(ONO,) 
the  acetate,  (C2H5)3S(OC2H30),  &c. 

The  function  of  the  sulphur  in  these  compoimds  is  analogous  to 
that  of  nitrogen  in  the  ammonium-compoimds.  Nitrogen  (quin- 
quivalent) forms,  with  4  atoms  of  hydrogen  or  of  an  alcohol-radicle, 
univalent  radicles,  NH^,  N(C2H5)^,  &c.,  which  combine,  like  the 
alkali-metals,  with  chlorine,  iodine,  hydroxyl,  &c.;  and  in  like 
manner  sulphur  (quadrivalent)  forms  with  3  atoms  of  methyl,  ethyl, 
&c.,  univalent  radicles  like  8(02115)3  (triethylsulphine),  which  also 
combine  with  chlorine,  hydro  .Kyi,  &c.,  forming  the  sulphonium 
compounds  8"(C2H5)3C1,  S"'(C2H5)30H,  &c.,  the  hydroxides  being 
strong  alkaline  bases,  like  tetrethylammonium  hydroxide  (see  p.  25; 
also  Amines). 

8imilar  compounds,  containing  sexvalent  sulphur,  are  obtained 
by  combining  ethyl  sulphide  and  ethene  sulphide,  S(C2H4),  with 
ethene-di  bromide ;  thus : 

S(C2H,)    +    CU.Br,    =  B>SCaH; 

Dietliene-sulphonium 

dibromide.  ^ 

S(C2H,)2    +    Cfi,Br,    +  l^s^c'^l 

Ethene-diethyl-sulphonium 
dibromide. 

Analogous  compounds  are  also  formed  by  selenium,  e.g.,  Trimeth/- 
selmionium  iodide,  86(0113)31. 

Ethyl  Telluride,  Telliiric  Ethide  or  Tellurethyl,  Te(C2H.),. 
—This  compound  is  obtained  by  distilling  potassium  telluride  witli 
potassium  ethylsulphate ; 

TeK2  +  2K(02H5)80,  =  2K2SO,  +  Te(G,-H,;),. 
It  is  a  heavy,  oily,  yellowish-red  liquid,  very  inflammable,  and 
having  a  most  intolerable  odour.  It  acts  as  a  liivalent  radicle, 
nniting  with  chlorine,  bromine,  oxygen,  &c.,  to  form  compounds 
in  which  the  tellurium  enters  as  a  tetrad,  e.g.,  Te(02l^r,)2C]2> 
Te(C2FTJ20,  &c.  The  nitrate  is  obtained  hy  treating  tellurethyl 
■with  nitric  acid;  the  other  salts  by  double  decomposition;  the 
chloride,  for  example,  settles  down  as  a  heavy  oil,  on  adding  hydro- 
chloric acid  to  a  solution  of  the  nitrate.    The  o.nde  is  best  prepared 
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by  treating  the  chloride  with  water  and  silver  oiide ;  it  dissolves  in 
water,  forming  a  slightly  alkaline  liquid. 

Selenic  EtMde,  or  Selenethyl,  Se(C2H-)2,  prepared  like  tel- 
lurethyl,  is  also  a  fetid  liquid,  exactly  resembling  the  tellurium 
compound  in  its  chemical  relations. 


PROPYL  ALCOHOLS  AND  ETHERS. 

It  has  already  been  observed  that  the  three-carbon  alcohol, 
CgHgO,  is  susceptible  of  two  isomeric  modifications ;  namely : 

CH3  CH3  ^TT 

(CH2CH3  I  rgga 

OH 


CH2      or     C  <^  H2  HCOH     or  C< 

(oh 


CH2OH  CH3 

Normal  propyl  alcoliol.  Pseudopropyl  alcohol 

each  of  which  may  give  rise  to  a  correspondiug  set  of  ethers. 

Normal  Propyl  Alcohol  was  discovered  by  Chancel  in  1853,  in 
the  fusel  oil  of  the  residues  left  in  the  distillation  of  brandy  from 
wine.  It  may  be  obtained  synthetically  from  ethyl  alcohol  by  the 
following  series  of  processes : — 

_  1.  Ethyl  cyanide,  C3H5N,  or  CH^CHg.CN  (prepared  by  distil- 
ling a  mixture  of  potassium  cyanide  and  potassium  ethylsulphate, 
p.  92),  is  converted  into  propionic  acid,  CHgCHj.COOHj'by  boiling 
with  strong  caustic  potash. 

2.  A  mixture  of  the  calcium  salts  of  propionic  and  formic  acids 
is  subjected  to  dry  distillation,  whereby  propionic  aldehyde  is 
obtained : 

CH2CH3.COOCa'  +  H.COOCa'*  =  Ca^COg  +  CH^CHg.COH. 

Calcium  propionate.  Calcium  Calcium  Propionic 

formate.  carbonate.  aldehyde. 

3.  The  propionic  aldehyde,  treated  with  water  and  sodium  amal- 
gam, takes  up  2  atoms  of  hydrogen,  and  is  converted  into  normal 
propyl  alcohol : 

CH2CH3.COH  -I-  H,  =  CH2CH3.CH2OH. 

The  series  of  processes  just  described  affords  a  general  method  of 
building  up  the  normal  primary  alcohols  of  the  fatty  group,  one 
from  the  other.  It  has  not,  however,  been  actually  can-ied  out 
higher  than  the  six-carbon  or  hexyl  alcohol. 

Another  method  of  passing  from  ethyl-alcohol  to  projiyl  alcohol 

*  For  the  sake  of  simplicity,  the  equivalent  (20)  of  calcium  is  used  in  this 
equation,  instead  of  the  atomic  weight. 
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— also  generally  applicable  as  a  method  of  synthesis  of  primary- 
alcohols — is  to  convert  ethyl  cyanide  or  propionitril  into  propyi- 
amrae  by  the  action  of  nascent  hydi'ogen  (water  and  sodium  amalgam) 
and  the  propylamine,  by  the  action  of  nitrous  acid,  into  propyl 
nitrite,  which  may  then  be  converted  into  the  alcohol  by  distillation 
with  an  alkali : 

CH3.CH2.CN    +    2Ho    =  CH3.CH2.CH2.NH2 
Ethyl  cyanide.  Propylamine. 

C3HJ.NH2     +     2NO2H     =     2H2O     +     N2     +  C3H7NO2 
Propylamine.  Propyl  nitrite. 

Normal  propyl  alcohol  is  an  oily  liquid,  boiling  at  96°,  and 
having  a  specific  gravity  of  0'8205  at  0°.  By  oxidation  with  a 
mi.Yture  of  sulphuric  acid  and  potassium  dichromate,  it  is  converted 
into  propionic  acid. 

Normal  propyl  chlonde,  C3HJCI,  boils  at  46'5°;  the  bromide  at 
70°-7r ;  the  iodide  a.t  102°;  the  oxide,  (C3Hj)20,  at  85°-86°. 

Pseudopropyl    Alcohol,  or  Secondary  Propyl  Alcohol, 

CH(CH3)20H. — This  alcohol  is  prepared: 

1.  From  acetone,  (CO)(CH3)2,  by  direct  addition  of  hydrogen, 
evolved  by  the  action  of  water  on  sodium  amalgam: 

H3C  CH3  H3C  CH3 

V       +   H2   -       V  . 

CO  ECHO 

This  mode  of  synthesis  affords  direct  proof  of  the  constitution  of 
pseudopropylic  alcohol,  the  addition  of  the  two  hydrogen-atoms 
being  tantamount  to  the  replacement  of  the  bivalent  radicle  oxygen 
by  the  two  monad  radicles,  hydrogen  and  hydroxyl. 

2.  Pseudopropyl  iodide  is  prepared  by  the  action  of  iodine  and 
phosphorus  on  glycerin;  this  iodide  is  easily  converted  into  the 
oxalate  or  acetate  by  treatment  with  silver  oxalate  or  acetate ;  and 
fi-ora  either  of  these  ethers  the  alcohol  may  be  obtained  by  distilla- 
tion with  potash  or  soda. 

Pseudopropyl  alcohol  is  a  colourless,  not  very  moljile  lifjuid, 
having  a  peculiar  odour,  a  specific  gravity  of  0-791  at  15°,  boiling 
at  83°  to  84°  under  a  l^arometric  pressure  of  739  millimeters,  not 
freezing  at  -20°.  It  does  not  act  on  polarised  light.  It  is  very 
difficult  to  dry,  as  it  mixes  with  water  in  all  proportions,  and  fomis 
with  it  three  definite  and  very  stable  hydrates,  viz.,  3C.,H„0.2H20, 
boiling  at  78°-80° ;  2C,flf,0.hLfl,  boiling  at  80°;  and  3C3HgO.H20, 
boiling  at  81°.  The  second  of  these  hydrates  exhibits  a  very  close 
resemblance  to  ethyl  alcohol,  has  the  same  percentage  composition, 
bods  at  nearly  the  same  temperature,  and  likewise  yields  acetic  acid 
by  oxidation  (see  below) ;  moreover  it  retains  its  water  of  hydration 
so  obstinately,  that  it  does  not  even  change  the  white  colour  of 
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anhydrous  cupric  sulphate  to  blue.  The  readiest  mode  of  distinguish- 
ing between  this  hydrate  and  ethyl  alcohol  is  to  submit  them  to  the 
action  of  iodine  and  phosphorus,  whereby  the  former  is  converted 
into  pseudopropyl  iodide,  the  latter  into  ethyl  iodide. 

_  The  characteristic  property  of  pseudopropyl  alcohol  is  that  it 
yields  acetone  by  oxidation  with  dilute  chromic  acid,  this  trans- 
formation being  the  reverse  of  that  by  which  it  is  produced : 

H3C  CH3  H3C  CH3 

V         +    0    =         V        +  H.,0. 
HCOH  CO 

On  pushing  the  oxidation  further,  the  acetone  breaks  up  into  acetic 
acid,  carbon  dioxide,  and  water  : 

CO(CH3)2    +    O4    =    C0(CH3)0H    +    CO,    +  H^O. 

Acetone.  Acetic  acid. 

The  evolution  of  carbon  dioxide  in  this  reaction  affords  a  further 
distmction  between  hydi-ated  pseudopropyl  alcohol  and  ethyl 
alcohol. 

The  formation  of  a  ketone  by  oxidation  is,  as  abeady  observed, 
the  essential  characteristic  of  a  secondary  alcohol,  and  is  an  immediate 
consequence  of  its  structure  (p.  117). 

Pseudopropyl  alcohol,  heated  with 'acetic  acid,  or  -ndth  potassium 
acetate  and  sulphuric  acid,  is  converted  into  jjseudoiiropyl  acetate, 

Pseudopropyl  Iodide,  CH(CH3)2,  is  most  conveniently  prepared 
by  the  action  of  hydriodic  acid,  concentrated  and  in  large  excess,  on 
glycerin  (propenyl  alcohol)  C3H8O3 : 

C3H3O3  +  5HI  =  C3H7I  +  3H2O  4-  2I2. 

The  iodine,  as  fast  as  it  is  set  free  by  the  reaction,  may  be  recon- 
verted into  hydriodic  acid  by  means  of  phosphorus,  and  VN-iU  then 
be  ready  to  act  iipon  another  portion  of  glycerin.  The  iodide  mav 
also  be  produced  by  the  action  of  hycModic  acid  on  pseudopropyl 
alcohol  allyl  iodide,  C3H5I,  propene,  or  propene  alcohol. 

Pseudopropyl  iodide  is  an  oil  boiling  at  80°-90°,  and  haviu"  a 
specific  gravity  of  1-70.  With  sodinm  m  presence  of  ether  it  j-iSds 
propene,  propane,  and  di-isopropyl,  CgH^  (p.  49).  Bromine  expels 
the  iodine,  and  iorms  pseudoprojiyl  bromide. 

By  treatment  with  zinc  and  hydrochloric  acid,  which  evolves 
hydrogen,  pseudopropyl  iodide  is  converted  into  propane:  CgH-I-f 
H2  =  HI-|-C3Ho;  the  propane,  exjjosed  to  the  action  of  chlorine  in 
diffused  daylight,  is  partly  converted  into  normal  propyl  chloride; 
this  compound,  heated  with  jwtassium  acetate  and  strono-  acetic 
acid,  yields  normal  propyl  acetate ;  and  the  latter,  heated  with 
potash-ley  in  sealed  tubes,  yields  normal  propyl  alcohol.  This 
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series  of  reactions  affords  a  general  method  of  converting  a  second- 
ary alcohol  into  the  corresponding  normal  primary  alcohol. 


TETRYL  OR  BUTYL  ALCOHOLS  AND  ETHERS. 

Theory  indicates  the  existence  of  four  alcohols  included  in  the 
formula  C^H^qO,  two  primary,  one  secondary,  and  one  tertiary ;  thus, 


Primary. 


CH, 
I 

CH„ 
I 

CH, 


H2COH 

Propyl 
carbinoL 


H3C  CH, 

V 

CH 

I 

H,COH 


Isopriipyl 
carbinol. 


Secondary. 

CH, 
I 

CH2 
HCOH 
•  c!h3 

Methyl-ethyl 
carbinol. 


Tertiaiy. 

HoC  CHq 

V 

COH 
CH, 


Trlraethyl 
carbinol. 

CH2CH2CH3 


Propyl  Carbinol,  or  Normal  Butyl  Alcohol,  C  <  H 

(oh 

— This  alcohol  is  obtained  from  butyl  chloride,  C^HgCl  (pro- 
duced by  the  action  of  chlorine  on  butane  or  diethyl,  C^H^g),  by 
heating  that  chloride  with  potassium  acetate  and  strong  acetic  acid, 
whereby  it  is  converted  into  butyl  acetate,  and  treating  that  com- 
pound with  barium  hydrate.  It  may  also  be  prepared  from  normal 
propyl  alcohol,  in  the  same  manner  as  the  latter  is  obtained  from 
ethyl  alcohol,  viz.,  by  successive  conversion  into  propyl  cyanide  or 
butyronitril,  C4H7N  or  CH2CH2CH3.CN,  normal  butyric  acid, 
CH2CH2CH3.COOH,  butyric  aldehyde,  CH2CH2CH3.COH  (prepared 
by  heating  a  mixture  of  the  calcium  salts  of  butyric  and  formic 
acids),  and  finally  into  the  alcohol,  CH3CH2CH3.CH2OH,  by  the 
action  of  nascent  hydrogen  on  the  aldehyde ;  or,  lastly,  by  convert- 
ing the  butyronitril  into  butylamine,  C4HiiN,  the  latter  into  butyl 
nitrite  by  the  action  of  nitrous  acid,  and  distilling  the  nitrite  with 
an  alkali. 

_  Normal  butyl  alcohol  boils  at  115°,  smells  like  isobutyl  alcohol, 
IS  much  lighter  than  water,  slightly  soluble  therein ;  with  iodine 
and  phosphorus  it  yields  normal  butyl  iodide,  boiling  at  127°.  Oxi- 
dation with  dilute  chromic  acid  converts  it  into  normal  butyric  acid 
CH2CH2CH3.COOH. 

(  CH(CH3)2 

Isopropyl  Carbinol,  or  Isobutyl  Alcohol,  C  j  H^^ 

— -ThLs  variety  of  primary  butyl-alcohol  was  found  by  Wurtz  in  the 
fusel-oil  oljtained  by  fermenting  the  molasses  of  beet-root  sugar.  To 
separate  it,  this  oil  is  submitted  to  fractional  distillation,  and  the 
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liquid  boiling  between  108°  and  118°  is  repeatedly  rectified  over 
ijotassium  hydroxide,  till  it  boils  constantly  at  110°. 

Pure  isobutyl  alcohol  is  a  colom-less  liquid,  having  an  odour  some- 
what like  that  of  amyl  alcohol,  but  less  pungent,  and  more  vmous : 
specific  gravity  =  0-8032  at  18-5°,  It  dissolves  in  lO^  times  its  weight 
of  water,  and  is  separated  therefrom,  as  an  oil,  by  calcium  chloride, 
sodium  chloride,  and  other  soluble  salts.  By  oxidation  it  is  converted 
into  isobutyric  acid,  CH(CH3)2.COOH.  ^     •  i 

Isobutyl  alcohol  is  acted  upon  by  acids  and  other  chemical  re- 
agents much  in  the  same  manner  as  common  alcohol.  "With  strong 
sulfhuric  acid  it  yields  isobutyl-sulphuric  acid,  (CiHapSO^, 
if  the  mixture  is  kept  cool;  but  on  heating  the  liquid,  isobutene, 

^^Q^C — QTla;  is  given  off  mixed  with  sulphurous  oxide  and  car- 
bon dioxide.  Heated  with  Injdrochloric  acid  in  a_  sealed  tube,  or 
treated  with  'phosphorus  pcntachloride  or  oxychloride,  it  is  converted  iiito 
isobutyl  chloride  or  chloro-isobutane,  (CH3)2CH— CHjCl, 
an  ethereal  liquid,  having  a  pungent  odom-,  and  boiling  at  70^. 
Isobutyl  bromide,  C4H9Br,  obtained  in  like  manner,  boils  at  89  , 
the  iodide,  C.Hgl,  at  121".  The  iodide  is  decomposed  by  potassium 

(0113)2011 — La  3, 
or  sodium,  yielding  iso-octane  or  iso-dibutyl,  | 

a  limpid  liquid,  lighter  than  water,  and  boUuig  at  105°.  The  same 
hydrocarbon  is  obtained  by  the  electrolysis  of  ordinaiy  valeric  acid, 

CsIIio02- 

Methyl-ethyl   Carhinol,   or   Secondary  Butyl  Alcohol, 

(  CH3 

C  <  ^2H5__xMs  alcohol  is  obtained  from  erythi-ite,  a  saccharine 
1  H 

substance  having  the  composition  of  a  tetratomic  alcohol,  C4Hi(,04, 
or  C4H(.(OII)4.  The  erytlirite,  distilled  with  fuming  hydriodic 
acid,  yields  methyl-ethyl-iodomethane,  or  secondary  butyl  iodide, 
C(CH3)(C2H6)HI,  and  this  liquid,  treated  \dth  moist  silver  oxide  is 
converted  into  methyl-ethyl  carbinol : 

C(CH3)(C2H5)HI  +  AgOH  =  Agl  +  C(CH3)(C.2H,)HOH . 
Methyl-ethyl-carbinol  is  a  colourless  oily  liquid,  haAnng  a  strong 
odour  and  burning  taste,  a  specific  gravity  of  0-85  at  0°,  and  Ijoiling 
at  95°-98°  (about  20°  lower  than  the  normal  primary  alcohol),  mien 
heated  at  250°,  it  is  for  the  most  part  resolved  into  water  and  butene: 

^*Me"^i/Z-e%^iM^owie(/i(ine,  or  Secondai-y  Butyl  iodide,  prepared  as 
above  or  by  the  action  of  strong  liydiiodic  acid  on  the  alcohol,  is  a 
liciuid  liaviiio-  a  pleasant  ethereal  odour,  a  specific  gra\dty  of  1-632 
at  0°,  1-600  at  20°,  and  1-584  at  30°  It  boils  at  118°.  Broiniiie 
decomposes  it,  expelling  the  iodine  and  forming  butene  dibroniide, 


TETRYL  OR  BUTYL  ALCOHOLS. 


147 


C^HgBrj.  Wlaen  distilled  with  alcoholic  potash,  it  gives  off  butene. 
This  tendency  to  give  off  the  corresponding  olefine  is  characteristic 
of  all  the  secondary  alcohols  and  ethers,  as  will  be  further  noticed 
in  connection  with  the  five-carbon  compounds. 

Trimetliyl  Carbinol,  or  Tertiary  Butyl  Alcohol,  C  |  ^q^^^^' 

is  produced  by  treating  zinc  methide  with  carbonyl  chloride  (phos- 
gene gas)  or  acetyl  chloride,  and  submitting  the  product  to  the  action 
of  water. 


2COC12 

+ 

Zn(CH3), 

=  ZnClg 

+ 

2COCH3CI 

Carbonyl 

Zinc 

Zinc 

Acetyl 

chloride. 

methide. 

chloride. 

chloride. 

COCH3CI 

+ 

Zn(CH3)2 

=  ZnO 

+ 

p  1  (^^3)3 

^\  CI 

Acetyl 

Zinc 

Zinc 

Ti-imethyl 

chloride. 

methide. 

oxide. 

chloromethane. 

C  j  (gp3)3 

+ 

HOH 

=  HCl 

4- 

OH 

Trimethyl 

Water. 

Ti-im  ethyl 

chloromethane. 

carbinol. 

It  may  also  be  formed  from  the  primary  isoalcohol  by  the  fol- 
lowing series  of  processes : — (1.)  The  alcohol  treated  with  sulphuric 
acid,  or  other  dehydrating  agent,  yields  isobutene,  C4Hg. — 
(2.)  This  olefine,  treated  with  strong  hydriodic  acid,  yields  tertiary 
butyl  iodide,  the  iodine  attaching  itself  to  the  carbon-atom  which  is 
not  in_  direct  combination  with  hydrogen. — (3.)  The  iodide  treated 
with  silver  oxide  is  converted  into  the  tertiary  alcohol.  The  series 
of  transformations  is  represented  by  the  following  formulae : — 


CH2OH 


(CH3)2CH 

Isobutyl  alcohol, 

(CH3),CI-CH3 

Tertiary  Butyl  iodide. 


(CH3)2C=CH2 


Isobutene. 

(CH3)2C(OH)-CH3 

Tertiary  Butyl  alcohol. 

Trimethyl  carbinol,  when  perfectly  anhydrous,  crystallises  in 
rhombic  prisms  or  tables,  melting  at  2.5-5°.  In  the  liquid  .state  it 
has  a  specific  gravity  of  0-7788  at  ,30°,  and  boils  at  82-5°.  It  mi.xes 
with  water  in  all  j)roi)ortions,  and  likewise  forms  a  definite  hydrate, 
2CJFIjpO.H20,  which  crystallises  in  a  freezing  mixture,  and  boils 
without  decomposition  at  80°.  By  oxidation  with  chromic  acid, 
trimethyl  carbinol  is  resolved  into  acetic  acid  and  acetone,  together 
with  a  small  quantity  of  isobutyric  acid. 
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PENTYL   ALCOHOLS   AND  ETHERS. 

The  formula  C5H12O  may  include  eight  different  alcohols :  four, 
primary,  three  secondary,  and  one  tertiary,  viz. : — 


Primary, 


Secondary, 


Tertiaiy, 


CH2CH2CH2CIT3 
H 
H 
OH 

Butyl  carbinol. 


(oh 

Methyl-propyl 
cai-binol. 

CCI-I2CH3  ) 

n  CH3  r 
(oh  ) 


CH„CH(CH3;2 

H  ^ 

,0H 

Isobutyl  carbinol. 

'CH(CH3)2 
CH3 
H 
.OH 
Methyl-isopropyl 
carbinol. 


Dimethyl-ethyl  carbinol. 


^^iCHj 

H 

H 

HOH 


CC(CH3)3 


H 

.OH 


and 


CCHjCHj 
„  j  CH0CH3 
^1  H 

(oh 

Diethyl 
carbinol. 


Six  of  these  are  known,  viz.,  the  first,  second,  fifth,  sixth,  seventh 
and  eighth. 

Butyl  Carbinol   or   Normal  Primary   Pentyl  Alcohol, 

HgC  I  Qg^"^^  ,  is  prepared  from  normal  hutyl  alcohol  in  the  same 

manner  as  the  latter  fi'om  normal  propyl  alcohol,  viz.,  by  successive 
conversion  into  butyl  cyanide  CH,CH,CH,CH3.CN,  normal  valeric 
acid  CH2CH2CH2CH3.COOH,  valeric'  aldehyde  CH2CH0CH0CH3. 
COH,  and  the  alcohol  CHaCH^CHjCHg.CHjOH.  It  is  a  liquid  boil- 
ing at  135°,  i.e.,  3  degrees  higher  than  isopentyl  alcohol.  The 
chloride,  bromide,  iodide,  and  acetate  obtained  from  it  boil  at  higher 
temperatures  than  the  corresponding  isopentyl  compounds.  By 
oxidation  it  yields  normal  valeric  acid. 


Isobutyl  Carbinol,  Isopentyl  Alcohol,  or  Amyl  Alcohol, 

CH  I  (C^H^)^^ • — "^^^  ordinary  amyl  alcohol  produced  by 

fermentation.  In  the  manufacture  of  brandy  from  corn,  potatoes, 
or  the  must  of  grapes,  the  ethyl  alcohol  is  found  to  be  accompanied 
by  an  acrid  oily  liquid  called  fnsel-oil,  which  is  very  difficult  to 
separate  completely  from  the  ethyl  alcohol.  It  passes  over,  how- 
ever, in  considerable  quantity  towards  the  end  of  the  distillation, 
and  may  be  collected  apart,  washed  by  agitation  with  several  suc- 
cessive portions  of  water  to  free  it  from  ethyl  alcohol,  and  re-distilled. 
The  liquid  thus  obtained  consists  chiefly  of  amyl  alcohol,  sometimes 
mixed  with  propylic,  butylic,  and  other  alcohols.  The  amyl  alcohol 
may  be  obtained  pure  by  fractional  distillation,  the  portion  which 
passes  over  between  128°  and  132°  beuig  collected  apart.  Potato 
fusel-oil  consists  almost  wholly  of  ethyl  and  amyl  alcohols,  the  latter 
constituting  the  greater  quantity. 

Amyl  alcohol  is  an  oily,  colourless,  mobile  liquid,  ha^ang  a 
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]>eciiliar  odour,  and  a  bnmmg  acrid  taste.  Its  vapour  when  inhaled 
jiioduces  coughing  and  oppression  of  the  chest.  It  has  a  specific' 
L,'ravity  of  0-825  at  0°,  and  boils  at  130°.  When  dropped  on  paper  it 
ti  irms  a  greasy  stain,  which,  however,  disappears  after  a  while .  It 
is  not  perceptibly  soluble  in  water,  but  floats  on  the  surface  of  that 
liijuid  like  an  oil ;  common  alcohol,  ether,  and  various  essential  oils 
dissolve  it  readily. 

Amyl  alcohol  usually  exerts  a  rotatory  action  on  polarised  light, 
but  the  rotatory  power  varies  considerably  in  difl'erent  samples. 
Pasteur,  indeed,  has  shown  that  ordinary  amyl  alcohol  is  a  mixture 
of  two  isoraeric  alcohols,  having  the  same  vapoui'-density,  but  differ- 
ing in  their  optical  properties,  one  of  them  turning  the  plane  of 
polarisation  to  the  right,  whereas  the  other  is  optically  inactive. 
They  are  separated  by  converting  the  crude  amyl  alcohol  into  amyl- 
siilphuric  acid,  saturating  with  barium  carbonate,  and  crystallising 
the  barium  amylsulphate  thus  formed.  The  salt  obtained  from  the 
active  amyl  alcohol  is  2|  times  more  soluble  than  that  obtained  from 
the  inactive  alcohol,  and  consequently  the  latter  crystallises  out 
out  first ;  and  by  precipitating  the  barium  from  the  solution  of  either 
salt  with  sulphuric  acid,  and  distilKng  the  amylsulphuric  acid  thus 
separated  with  water,  the  corresponding  amyl  alcohol  is  obtained. 
The  difference  of  optical  character  between  the  two  alcohols — which 
is  traceable  through  many  of  their  derivatives— has  not  bee  a  satis- 
factorily explained ;  but  it  perhaps  depends  upon  the  arrangement 
of  the  molecules,  rather  than  upon  that  of  the  atoms  within  the  mole- 
cule. On  the  other  hand,  it  is  possible  that  the  active  and  inactive 
alcohols  may  contain  different  radicles,  as  indicated  by  the  second, 
third,  and  fourth  formula  of  primary  amyl  alcohols  above  given. 

Vapour  of  amyl  alcohol  passed  through  a  red-hot  tube,  yields  a 
mixture  of  ethene,  propene,  butene,  and  isopentene  or  amylene. 

Amyl  alcohol  takes  fire  easily  and  burns  with  a  blue  flame. 
When  exposed  to  the  air  in  contact  with  platinum  black,  or  treated 
with  a  mixture  of  potassium  chromate  and  dilute  sulphiu'ic  acid,  it 
is  oxidised  to  isovaleric  acid,  CH2CH(CH3)2.COOH. 

Amyl  alcohol,  heated  to  220°  with  a  mixtui-e  potassium  hydroxide 
and  hme,  is  converted  into  potassium  valerate,  with  evolution  of 
hydrogen : 

C,H,20    +    KHO    =    C.HflKO^    +  2B^. 
Potassium  and  sodium  dissolve  in  amyl  alcohol  as  in  ethyl 
alcohol,  yielding  the  compounds,  CgHnKO,  and  Cf,Hi,NaO,  which, 
•when  treated  with  amyl  iodide,  yield  amyl  oxide  or  amyl 
/^t  ^'  (^^^11)2^'  with  ethyl  iodide,  ethyl-amyl  oxide, 

UUonne  acts  upon  amyl  alcohol  as  upon  ethyl  alcohol  (p.  125), 
excepting  that  it  finally  removes  only  four  atoms  of  hydrogen, 
instead  of  five : 


Cf,H,20    +  3CI2 

Amyl  nlcohoL 


=    4HC1    +  CJ-IsCljO 
Chloiumylal. 
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Amyl  alcohol  is  acted  upon  by  acids,  like  common  alcohol,  yield- 
ing ethers.  When  mixed  with  strong  sulphuric  acid,  it  is  converted 
into  aniyl-sulphiiric  acid,  (C5Hji)HS04  ;  and,  on  distilling  the 
mixture,  amyl  oxide,  (C5Hji)90,  passes  over,  together  with  amylene, 
and  several  other  hydrocarbons. 

IsoPENTYL    Chloride,    or   Amyl    Chloride,    CgH^jCl,  or 

{C  H  CI 
(CH*)   '    prepared  by  distilling  equal  weights  of  amyl  alcohol 

and  phospfiorus  pentachloride,  washing  the  product  repeatedly  vAih. 
alkaline  water,  and  rectifying  it  from  calcium  chloride.  Less  pure 
it  may  be  obtained  by  saturating  amyl  alcohol  with  hydrochloric 
acid.  It  is  a  colourless  liquid,  of  agi'eeable  aromatic  odour,  in- 
soluble in  water,  and  neutral  to  test-paper :  it  boils  at  102°,  and 
ignites  readily,  burning  with  a  flame  green  at  the  edges.  By  the 
long  continued  action  of  chlorine,  aided  by  powerful  sunshine,  it  is 
converted  into  octochlorinated  amyl  chloride,  or  nonochlo- 
ropentane,  C^HgClg,  a  volatile,  colourless  liquid,  smelling  like  cam- 
phor :  the  whole  of  the  hydrogen  has  not  yet,  however,  been  removed. 
The  bromide,  C^H^jBr,  is  a  volatile,  colourless  liquid,  heavier  than 
water,  boiling  at  119°.  It  is  obtained  by  distilling  amyl  alcohol 
with  bromine  and  phosphorus  (see  Ethyl  bromide,  p.  131).  Its 
odour  is  penetrating  and  alliaceous.  The  bromide  is  decomposed 
by  an  alcoholic  solution  of  potash,  with  reproduction  of  the  alcohol 
and  formation  of  potassium  bromide.  The  iodide,  CgHjjI,  is  pre- 
pared by  distilling  a  mixture  of  15  parts  of  amyl  alcohol,  8  of 
iodine,  and  1  of  phosphorus.  It  is  colourless  when  pure,  heavier 
than  water,  volatile  without  decomposition  at  146°,  and  in  other 
respects  resembles  the  bromide  :  it  is  partly  decomposed  by  expo- 
sure to  light.  Heated  to  290°  in  sealed  tubes,  with  zinc,  it  yields 
decane  or  diamyl,  C-^qS.^^,  or  CgHjj.CgHjj,  a  colourless  ethereal 
liquid  boiling  at  155°.  At  the  same  time  there  is  fomied  a  com- 
pound of  zinc  iodide  with  zinc  amylide,  Zn(Cj;Hji),,  which  is  de- 
composed by  contact  with  water,  yielding  zinc  oxide  and  pentane 
or  amyl  hydride  (p.  48) : 

Zn(C5Hii)2  -t-  HgO  =  ZnO  -f-  BC^Hi,. 

Amyl  Oxide,  obtained  by  the  processes  already  men- 

tioned, is  a  colourless  oily  liquid,  of  specific  gravity  0779,  and 
boUing  at  176°. 

Amylsulphukic,  or  Sulphamylic  Acid,  (Cr,Hjj)HS04,  or 
C5Hii(0S0.,H).  The  barium  salt  of  this  acid,  (Cf,Hii)2Ba(S04)2  2  aq., 
prepared  like  the  ethylsulpliate  (p.  1,36),  crystallises,  on  evaporating 
the  solution,  in  small  brilliant  pearly  plates ;  the  difference  of  solu- 
bility of  the  salts  prepared  from  optically  active  and  optically  in- 
active amyl  alcohol  has  abeady  been  mentioned.  The  barium  may 
be  precipitated  from  the  salt  by  dilute  sulphuric  acid,  and  the 
sulphamylic  acid  concentrated  by  spontaneous  evaporation  to  a 
syrujjy,  or  even  crystalline  state :  it  has  an  acid  and  bitter  taste, 
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stronrjly  reddens  litmus-paper,  and  is  decomposed  by  ebullition  into 
.'iiuyl  alcohol  and  sulphiu-ic  acid.  The  potassium  salt  forms  groups 
of  small  radiated  needles,  very  soluble  in  water.  The  sulphamylates 
of  calciimi  and  lead  are  also  soluble  and  crystallisable. 

Amyl  hydrosulphide,  C5H11SH,  and  Amyl  sulphide, 
(0511^1)28,  resemble  the  ethyl-compounds  in  their  properties  and 
reactions. 

Fusel-oil  of  G-min-spirit. — The  fusel-oil,  separated  in  large  quan- 
tities from  grain-spirit  by  the  London  rectifiers,  consists  chiefly  of 
amyl  alcohol  mixed  with  ethyl  alcohol  and  water.  Sometimes  it 
contains  in  addition  more  or  less  of  the  ethyl-  or  amyl-compounds  of 
certain  fatty  acids  thought  to  be  identical  with  cenanthylic  and 
palmitic  acids.  These  last-named  substances  form  the  principal 
part  of  the  nearly  solid  fat  produced  in  this  manner  in  whisky  dis- 
tilleries conducted  on  the  old  plan.  Mulder  has  described,  imder 
the  name  of  corn-oil,  another  constituent  of  the  crude  fusel-oil  of 
HoUand;  it  has  a  very  powerful  odour,  resembling  that  of  some  of 
the  umbelliferous  plants,  and  is  unaffected  by  solution  of  caustic 
potash.  According  to  Mr.  Rowney,  the  fusel-oil  of  the  Scotch 
distilleries  contains  in  addition  a  certaiu  quantity  of  capric  acid, 
CjoHjoOg.  Amyl  alcohol,  in  addition  to  isobutyl  alcohol,  has 
been  separated  from  the  spiiit  distilled  from  beet-molasses  and  from 
artificial  grape-sugar  made  by  the  aid  of  sulphuric  acid. 

Propyl-methyl   Carbinol,    HO.HC<^g2CH20H3  ^ 

C3H7 — CHOH — CH,. — This  secondary  alcohol  is  produced  by 
decomposing  propyl-methyl  ketone  (obtained  by  distilling  a 
mixture  of  calcium  butyrate  and  acetate)  with  water  and  sodium 
amalgam : 

CgHj— CO— CH3  +  H2  =  C3H7— CHOH— CH3  . 

It  is  a  liquid  smelling  like  ordinary  amyl  alcohol,  but  less  pungent  ; 
boils  at  120° ;  has  a  specific  gravity  of  0'825  at  0° ;  is  oxidised  by 
potassium  permanganate  to  propyl-methyl  ketone. 

Isopropyl-methyl     Carbinol,    HO.HC<§^^^^3)2  ^  also 

called  Amylene  hydrate,  (C^.H^g)  |       . — This  is  a  secondaiy 

alcohol  produced  from  amylene,  CjHjq,  by  combining  that  substance, 
with  hydriodic  acid,  and  decompo.siug  the  resulting  hydriodide, 
C5HJQ.HI,  with  moist  silver  oxide,  whereby  silver  iodide  and 
amylene  hydrate  are  obtained : 

CH(CH3)2 
1 1  CHI 
hJ     "  ^Hj 


CH(CH3)2 
CH 

II  ■  + 
CH, 
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CH(CH3)2  CH(CH3), 

and      CH  +     AgOH     =     Agl     +  CHOH 

ifla  CH3 
A  portion  of  the  hydriodide  is  at  the  same  time  resolved,  by  the 
heat  evolved  in  the  reaction,  into  hydriodic  acid  and  amylene  : 
and,  on  snbmitting  the  resulting  liquid  to  fractional  distillation 
the  amylene  passes  over  first,  and  then,  between  105°  and  108°,  the 
amylene  hydrate  or  isopropyl-methyl  carbiiiol. 

This  alcohol  is  a  liquid  having  a  specific  gravity  of  0-829  at  0°, 
and  a  pimgent  ethereal  odour,  qviite  distinct  from  that  of  ordinary 
amyl  alcohol.  Heated  with  strong  sulphuric  add,  it  is  converted, 
not  into  amylsulphLiric  acid,  but  into  hydrocarbons  polymeric  with 
amylene,  viz.,  diamylene,  or  decene,  C10H20,  and  triamylene,  or 
pentadecene,  C15H3U  (p.  55).  Hydriodic  acid  converts  it,  at  ordinary 
temperatures,  into  amylene  hydriodide,  CgHio-HI,  boiUng  at  130° 
(amyl  iodide  at  146°).  Hydrochloric  acid  converts  it  (even  at  0°) 
into  amylene  hydrochloride,  CgHjo-HCl,  having  a  boiling  point  10° 
below  that  of  amyl  chloride.  On  mixing  it  with  two  atoms  of 
hromine  at  a  very  low  temperature,  a  red  liquid  is  formed,  which, 
as  soon  as  it  attains  the  ordinary  temperature  of  the  air,  is  resolved 
into  water  and  amylene  bromide.  Heated  for  some  time  to  100° 
with  strong  acetic  acid,  it  yields  amylene,  together  with  a  small 
quantity  of  amylene  acetate.  Sodium  dissolves  in  amylene  hydrate 
with  evolution  of  hydrogen,  forming  a  colourless  translucent  mass, 
which  has  the  composition  CgHioNaOH,  and  is  decomposed  by 
amylene  hydriodide  in  the  manner  shown  by  the  equation : 

CgHioNaOH  +  C,HioHI  =  C.Hio  +  QHioH(OH)  +  Nal 

Sodium  compound.        Amylene         Amylene.  Amylene 
hydriodide.  hydrate. 

From  these  reactions  it  is  apparent  that  amylene  hydrate  or 
isopropyl-methyl  carbinol  is  especially  distinguished  from  the 
primary  amyl  alcohols  by  the  facility  -with  which  it  gives  up  the 
corresponding  olefine.  This  peculiarity  is  exhibited  also  by  all 
the  secondary  alcohols  of  the  series.  These  alcohols  may  indeed  be 
regarded  as  intermediate  links  between  the  primary  mouatomic 
alcohols  and  the  diatomic  alcohols  or  glycols,  e.g., 

Amyl  alcohol.  Amyleno  hydrate.        Amylene  glycol. 

Diethyl  Carbinol,  C^H.^ — CHOH — CgHg,  is  produced  by  heating 
ethyl  formate  with  ethyl  iodide  and  granulated  zinc,  and  decompos- 
ing the  product  with  ice-cold  water.  The  action  of  the  zinc  on  the 
ethyl  iodide  produces  zinc-ethyl,  and  this  reacts  with  the  ethyl 
formate  according  to  the  following  equation : 

HCO.OC,H,  +  2Zn(C,H^,  =        {  gJJ^)^^  +  Zn{§|?|j^; 
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and  on  treatingthis  product  with  water,  the  compound,  HC 

is  decomposed,  yielding  diethyl  carbinol,  together 
hydroxide  and  ethene, 

HC 


\  ZnOC^Hg 
with  zinc- 


ZnOCgHs 


+ 


2H2O 


=  HOCH 


C2H5 
C2H5 


+  Zn(0H)2  +  C.-a, 


of  the 


The  final  result  is  the  replacement  of  the  oxygen-atom 
group  HO,  in  formic  acid,  HCO.OH,  by  2  atoms  of  ethyl. 

Diethyl  carbinol  is  a  liquid  which  smells  like  amyl  alcohol,  has  a 
specific  gravity  of  0-832  at  0°,  and  boils  at  116-117°.  By  oxidation 
■with  chi'omic  acid,  it  is  converted  with  diethyl  ketone,  CO(C2Hj)2. 
The  corresponding  iodide  boils  at  145°;  the  acetate  at  132°.* 

Ethyl-dimethyl   Carbinol,  or  Tertiary   Amyl  Alcohol, 

(  CsHg 

C  <  (CH3)2,  is  prepared  like  tertiary  butyl  alcohol,  by  treatmg  zmc- 
(  OH 

methide  with  propionyl  chloride,  C3H5OCI,  and  decomposing  the 
product  with  water.  It  smells  very  much  like  tertiary  butyl  alco- 
hol, has  a  specific  gravity  of  0'828  at  0°,  solidifies  to  a  crystalline 
mass  at  -30°,  boils  between  98-5°  and  100°,  and  does  not  solidify 
at  —17°,  but  merely  becomes  viscid.  By  oxidation  with  dilut3 
chromic  acid,  it  yields  nothing  but  acetic  acid. 

The  boiling  points  of  tlie  six  known  pentyl  alcohols  become 
gradually  lower,  from  the  normal  prunary  to  the  tertiary,  as  their 
structure  becomes  more  complex ;  thus : 

Boiling  point. 

(  Butyl  carbinol,  .       .       .  137° 


Primary, 

Secondary, 
Tertiary, 


/  Isobutyl  carbinol, 

iPropyl-methyl  carbinol, 
Diethyl  carbinol, . 
Isopropyl-methyl  carbinol. 
Ethyl-dimethyl  carbinol, 


128°-132° 
120°-123'' 
116°-117° 
104°-108° 
98-5°-100° 
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The  number  of  possible  modifications  of  an  alcohol  increases  with 
the  number  of  carbon-atoms  in  its  molecular  formula.  Thus  we 
have  seen  that  there  may  he  two  propyl  alcohols,  CgHgO,  four  butyl 
alcohols,  C^HipO,  and  eight  amyl  alcohols,  CV,H,20.  The  six-carbon 
fonnula,  CgHjiO,  will  in  like  manner  be  found  to  include  seventeen 
isomeric  alcohols — eight  primary,  six  secondary,  and  three  tertiary  ; 
but  as  the  manner  in  which  these  modifications  arise  has  been  suffi- 
ciently explained  in  the  preceding  pages,  the  further  development  of 
the  theoretical  formulfe  may  be  left  as  an  exercise  for  the  student. 

The  numl)er  of  modifications  of  the  six-csirboii  alcohol  actually 
known  is  eight :  of  which  two  are  primary,  three  secondary,  and  the 
remaining  three  tertiary. 

•  Wagner,  Liebig's  Annalen,  clxxv.  351  ;  Clieni.  Soc.  J.  1875,  p.  627. 
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Primary  Hexyl  Alcohols,  C6Hi3(OH).— The  normal  alcohol, 

CH3.CH2.CH2.CH2,CH2.CH20H,  or  H2C  j  ^^^8*^^  ,  is  obtained, 

from  the  essential  oil  of  Heracleum  giganteum,  which  is  a  naixture  of 
hexyl  butyrate  and  octyl  acetate.  The  hexyl  and  octyl  alcohols  are 
isolated  by  decomposing  the  oil  with  alcoholic  potash,  and  separated 
by  fractional  distillation.  The  hexyl  alcohol  thus  obtained  has  a 
strong  aromatic  odour,  a  specific  gravity  of  0"819  at  23°,  and  boils  at 
156'6°.  By  oxidation  it  yields  a  caproic  acid,  CgHj^202)  baving  the 
same  boiling  point  (204-5°),  as  normal  caproic  acid.  The  correspond- 
ing iodide  is  a  heavy  colourless  liquid,  boiling  at  179'5°.  The  acetate, 
C5H13.C2H3O2,  has  a  pleasant  fruity  odour,  and  boils  at  169°. 

The  same  alcohol  is  obtained,  together  with  butyl-methyl  car- 
biuol,  by  treating  normal  hexane,  CH3.(CH2)4.CH3,  from  American 
petroleum  with  chlorine,  converthig  the  resulting  hexyl  chloride 
into  the  acetate  by  treatment  with  silver  acetate,  and  distilling  this 
acetate  with  potash.  The  mixtm'e  of  alcohols  thus  obtained  cannot 
be  completely  separated  by  fractional  distillation,  but  it  yields  by 
oxidation  the  corresponding  products,  viz.,  normal  caproic  acid  and 
methyl-butyl  ketone. 

Lastly,  normal  hexyl  alcohol  is  obtained,  according  to  Eossi,  by 
the  action  of  sodium-amalgam  and  water  on  normal  caproic  aldehyde. 

Another  primary  hexyl  alcohol^  boiling  at  about  150°,  and  yield- 
ing caproic  acid  by  oxidation,  was  foimd  by  Faget  in  fusel-oil.  The 
statements  respectiag  it  are  not  very  exact,  but  as  it  is  produced, 
by  fermentation,   it  is   probably  the  isoprimary  alcohol, 

HC  \  CH3 
(CH3 

Secondary  Hexyl  Alcohols. — 1.  Methyl-butyl  Carbinol, 
C  H 

HO.HC<Cq|j  °,  discovered  by  Wanklyn  and  Erlenmeyer,  is  pro- 
duced by  treating  mannite,  CgHj^Og  (a  saccharine  body  obtained  from 
manna),  with  a  large  excess  of  very  strong  hydriodic  acid,  whereby 
it  is  converted  into  secondary  hexyl  iodide  : 

C,R,fla  +  llHI  =  C,-H,,l  +  6H2O  +  Iio; 

and  digesting  this  compound  with  silver  oxide  and  water : 

C6H13I  +  AgHO  =  Agl  -I-CbHi,0. 

Methyl-butvl  carbinol  is  a  viscid  liquid,  having  a  pleasant,  refresh- 
ing odour,;  it  boils  at  137°;  has  a  sp.  gr.  of  0-8327  at  0°,  0-8209  at 
16°,  and  0-7422  at  99°,  so  that  it  expands  somewhat  rapiclly  by  heat. 
Strong  hydrochloric  acid  converts  it  into  the  corresponding  chloride, 

C1HC<.q''^",  which  boils  at  120°,  and  yields  hexene  when  digested 

at  100°  with^lcoholic  potash.    The  iodide  boUs  at  167-168°. 

The  alcohol  is  converted  by  oxidation  with  a  mixture  of  potas- 
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sium  dicliromate  and  sulphuric  acid  into  methyl-butyl  ketone, 

CO  <CnT?* !  wMch,  when  further  treated  with  the  oxidising  mixture, 

yields  acetic,  carbonic,  and  normal  butyric  acids. 

2.  Methyl-katabutyl  Carbinol,  HO.HC<^^^    '  ,  also 

caUed  Pinacolyl  alcohol,  is  formed  by  the  action  of  nascent  hydrogen 
on  pinacolin  (q.v.).  It  solidifies  at  low  temperatures  to  crystals 
which  melt  at  +4°,  boils  at  120°,  and  has  a  specific  gravity  of  0-834. 
When  oxidised  by  potassium  dichromate  and  sulphuric  acid,  it  is 
converted  into  methyl-katabutyl  ketone,  CH3 — CO— C(CH3)3, 
which  splits  up  on  further  oxidation  into  carbon  dioxide  and  tri- 
methylacetic  acid. 

PTT  PTT  OPT 

,3.  Ethyl-projnjl  Carbinol,  110.RC<^^^^  ^  i^lso  c^Wed 
Hexene  hydrate. — The  iodide  analogous  to  this  alcohol  is  prepared 
from  dichlorethyl  oxide,  0<p,2^J='  by  successive  treatment  with 
zinc-ethyl  and  hydriodic  acid ;  thus : 

CH2CI  CH^.C^Hs 

CHCl     4-    2Zn<g2|5    =    2Zn<g|^5    +  CH.C2H5 

OC2H.  OCjHg 

Dichlorethyl  Zinc-etliyl.  Zinc-ethylo-  Diethyliited 

oxide.  cliloride.  ethyl-oxide. 

CH2.C2H, 


H.C2H,       +      SHI      =      IHC<g^2-C.H5    ^    jj^Q  ^ 

Diethylated  Etliyl-propyl- 
ethyl  oxide.  caibinyl  iodide. 

and  the  alcohol  is  obtained  by  converting  the  iodide  into  the  acetate, 
and  distilling  the  latter  with  potash. 

Tertiary  Hexyl  Alcohols. — Three  of  these  alcohols  are  possible, 
and  have  been  obtained,  viz. : 

( CH,  f  cri, 

Methyl-diethyl  carbinol,  C<  (C„tl,)„         or  HO.C<  C,H, 

[oil  [C.,B, 

Propyl-dimetbyl  carbinol,         C-l{CE,)^  '  or  HO.C<  CH3 

(OH 

r  CH(CH,),  f  CH(CIl3), 

Isopropyl-dimethyl  carbinol,      C<  (CH.),  or  HO.C<  CH, 

[on'  \ CH, 

The  first  is  prepared  by  treating  acetyl  chloride,  COCH3CI,  wiLli 
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nSha?J  Crrn  resulting  methyl-diethyl-chloro- 

metnane  (_(CH3  (C2H5)2C1,  with  water.  It  boils  at  120°,  and  yields 
by  oxidation  nothing  but  acetic  acid. 

nnmJTrT^'  obtained  in  like  manner  from  butyryl  chloride, 
(^(J(Lstij)U,  and  zmc-methyl,  boils  at  115°,  and  is  resolved  by 
oxictatiou  into  acetic  acid,  propionic  acid,  and  carbon  dioxide 

ihe  third,  obtained  from  isobutyryl  chloride  and  zinc-methyl,  is 
a  liquid  which  solidifies  at  -35°,  boils  at  112°,  and  yields  by  oxida- 
tion acetone,  acetic  acid,  and  carbon  dioxide. 

HEPTYL   ALCOHOLS,  C^H^fiR. 

Of  these  alcohols  six  have  been  obtained,  two  primary,  one 
secondary,  and  three  tertiary. 


^°r^S^  r^r^^^^y^      Alcohol,  CH3(CH,)5.CH,OH, 


or 


^2C<c|j^"  ,  is  prepared,  either  by  the  action  of  nascent  hydro- 
gen (evolved  by  the  action  of  sodium-amalgam  on  water),  on  hentvl 
aldehyde  (oenanthol) :  y>         i  J 

C,Hj,0    +  =  C^R,,0; 

Aldehyde.  Alcoliol. 
or  from  normal  heptane,  C^R^^,  m  the  same  manner  as  normal 
hexyl  alcohol  from  hexane  (p.  154).    It  is  a  colourless,  oily  Hquid, 
insoluble  m  water,  boiling  at  177°,  and  converted  by  oxidation  into 
normal  oenanthyhc  acid. 

Another  hep  tyl  alcohol,  probably  the  isoprimanj,  was  separated 
by  Faget  from  fusel-oil.  ^ 

Secondary    Heptyl    Alcohol,     or    Dipropyl  Carbinol, 

OjUy— CMOH— C  My,  prepared  by  hydrogenation  of  dipropvl 
ketone,  boils  at  150°,  and  is  reconverted  into  the  ketone  by  oxidk- 
tioii. 

.  Tertiary  Heptyl  Alcohols.—Triethyl  Carbinol,  (aH,),COH 
is  obtamed  by  treatmg  propionyl  chloride,  CgH.OCl,  witl?  zinc- 
methyl  and  the  product  with  water.  It  remains  Hquid  at  -  20°, 
boils  at  140  -142  ,  IS  slightly  soluble  in  water,  and  has  a  specific 
gravity  of  0-8593  at  0°.  By  oxidation  v.dth  chromic  acid  it  yields 
heptene,  C^H,,,  together  with  carbon  dioxide,  and  apparently  also 
acetic  and  propionic  acids. 

Dimethyl-isobutyl    Carbinol,   J^go^  j  COH,    obtained  by 

treating  isovaleric  chloride,  CH(CH3)o-CH2-COCl,  vdth  zinc- 
methyl,  and  decomposing  the  product  with  water,  boils  at  129°-131° 
and  is  converted  by  oxidation  into  acetic  and  isobutyric  acids.  ' 

Dimethyl-Jcatabutyl  Carbinol,  or  Pentamethyhted  Ethyl 
Alcohol,  J2§--|^3)3 1 COH,  prepared  by  treating  trinietliyl-acetyl 
chloride,  C(CH)3.C0C1,  with  zinc-methyl,  and  the  product  with 
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water,  melts  at  17°,  boils  at  131°-132°,  and  forms  with  water  a 
crystalline  hycbate,  2C7H16O.H2O,  which  melts  at  83°. 


OcTYL  Alcohols,  CgHj^OH. 

Five  of  these  alcohols  are  known — one  primary,  three  secondary 
and  one  tertiary.  ' 

Primary  Octyl  Alcohol  or  Heptyl  Carbinol,  CyHij.CHgOH, 
is  contained,  together  with  the  corresponding  acetate,  C8H15..C2H3O2, 
in  the  volatile  oil  obtained  fi'om  the  seed  of  the  cow-parsnep  {Hera- 
cleum  spliondylium) ;  also  as  a  butyric  ether  in  the  seeds  of  the 
common  parsnep  (Pastinaca  sativa) ;  and,  together  with  hexvl 
butyrate,  in  the  oil  of  Heracleum  giganteum. 

The  comparatively  small  portion  of  cow-parsnep  oil,  which  boils 
between  190°  and  195°,  consists  mainly  of  the  alcohol ;  but  by  far 
the  greater  portion  passes  over  between  200°  and  212°,  and  this,  by 
continued  fractionation,  yields  primary  octyl  acetate,  C^^H^o^i^ 
boiling  between  206°  and  208°.  This  compound  is  insoluble  in 
water,  easily  soluble  in.  alcohol  and  ether,  and  has  a  sp.  gr.  of  0-8717 
at  16°.  Heated  with  alcoholic  potash,  it  yields  potassium  acetate 
and  primary  octyl  alcohol. 

This  alcohol  is  a  colourless  oily  liquid,  having  a  sp.  gr.  of  0*830 
at  16°,  boiling  between  190°  and  192°,  nearly  insoluble  in  water, 
miscible  with  alcohol  and  ether ;  it  has  a  peculiarly  pungent 
aromatic  odour,  and  tastes  sweetish  at  first,  afterwards  burning  and 
sharp.  By  boiling  with  potassium  dichromate  and  dilute  sul- 
phuric acid,  it  is  converted  into  an  acid,  CgHjgOg,  melting  at  16°  to 
17°,  and  isomeric  or  identical  with  the  caprylic  acid  of  natui'al  fats, 
together  with  the  corresponding  octylic  ether,  C8Hi7.C8Hir,02.  This 
reaction  shows  it  to  be  a  primary  alcohol ;  and  from  the  boiling 
point  of  the  octane  obtained  from  it  (122°-125°),*  Schorlemmer 

infers  that  it  is  an  iso-alcohol,  HC  I  9r^^^°P^ 

The  haloid  octyl  ethers  obtained  from  this  alcohol  exhibit  the 
following  properties  : 

Boiling  Point.  Sp.  gr. 

Chloride,  CgHi-Cl,  179-5°-180°        0-8802  at  16° 

Bromide,  CgHiyBr,  .  198°— 200°  1-1116  „ 
Iodide,  CgHi^I,     .  220°— 222°        1-1,338  „ 

Primary  octyl  alcohols,  convertible  by  oxidation  into  caprylic 
acids,  are  also  obtained  from  octane  ;  they  differ  from  the  alcohol 

*  Normal  pentane,  CjH,,,  boils  at  38°,  and  the  average  dilTerenco  of  boiling 
point  between  any  two  consecutive  members  of  the  normal  paraffin  series  is 
about  .31°  (p.  m) :  hence  the  Ijoiling  point  of  normal  octane  .should  bo  .38  +3  x  31 
=  131°.  On  the  other  hand,  iaopentane  boils  at  30°,  and  the  difference  of 
boiling  point  between  two  consecutive  isoparaflins  is  also  about  31°  :  hence 
the  boibng  point  of  iso-octane  .should  be  .30+3  x  31  =12.3°.  (Schorlemmer, 
Proceedings  of  the  Royal  Society,  xvi.  376 ;  see  also  Watts's  Dictionary  of 
Chemistry,  First  Supplement,  p.  879. 
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obtained  from  heracleum  oil,  but  their  exact  structure  has  not  been 
ascertained. 

Secondary  Octyl  Alcohols. — I.  Methyl-hexyl  Garhinol, 
(  C  H 

HO.HG  j  is  produced  by  heating  castor  oil  with  excess  of 

solid  potassium  hydi-oxide.  Castor  oil  contains  ricinoleic  acid, 
C18H34O3,  and  this  acid,  when  heated  with  potash,  yields  fi-ee  hydro- 
gen, a  distillate  containing  methyl-hexyl  carbinol,  together  with  pro- 
ducts of  its  decomposition,  and  a  residue  of  i^otassium  sebate, 

C10H1GK2O4 : 

C18H34O3  +  2K0H  =  CgHisO  -f  C10H16K2O4  +  H2. 

To  separate  the  alcohol,  the  distillate  is  repeatedly  rectified  over 
fused  potash,  the  portion  boiliag  below  200°  only  being  collected  : 
this  liquid,  subjected  to  fractional  distillation,  yields  a  portion  boiling 
at  181°,  which  is  the  pure  secondary  octyl  alcohol.  The  portions  of 
the  original  distillate  having  a  lower  boiling  point,  consist  of  defines, 
amongst  which  octene,  CgH^g,  boiling  at  150°,  preponderates. 

The  same  alcohol  is  obtained  from  the  octane  of  American  petro- 
leum, by  converting  this  hydrocarbon  into  octyl  chloride,  then  into 
the  acetate,  and  heating  the  latter  -wdtli  alcoholic  potash. 

Methyl-hexyl  carbinol  is  a  limpid  oily  liquid,  having  a  strong 
aromatic  odour,  and  making  grease-spots  on  paper.  It  has  no  action 
on  polarised  light.  It  has  a  specific  gravity  of  0'823  at  17°,  and 
boils  at  181°.  It  is  insoluble  in  water,  but  dissolves  in  alcohol, 
either,  wood-spirit,  and  acetic  acid.  It  mixes  with  sulphmlc  acid, 
forming  octyl-sulphuric  acid,  C8Hj7HS04,  generally  also  octene  and 
neutral  octyl  sulphate.  Fused  zinc  chloride  converts  it  into  octene. 
With  potassium  and  sodium  it  yields  substitution-products. 

Methyl-hexyl  carbinol,  oxidised  with  potassium  dichroniate  and 
sulphuric  acid,  yields  the  corresponding  ketone,  viz.,  methyl-hexyl 
ketone,  CH3 — CO — C5H13,  and  by  the  prolonged  action  of  the 
oxidising  mixture,  this  ketone  is  further  oxidised  to  caproic  and 
acetic  acids  : 

CgHigO  +  04  =  CgHiA  +  C2H4O2  +  HoO. 

These  reactions  show  that  the  alcohol  produced  from  castor  oil  is  a 
secondary  alcohol ;  and  from  considerations  similar  to  those  above 
addviced  with  respect  to  the  primary  alcohol,  it  is  inferred  to  be  a 
secondary  iso-alcohol,  represented  by  the  formula  : 

HO.HC  {  (CH,)3CH(CH3). 

T]ie  chloride,  CgHj-Cl,  produced  by  the  action  of  phosphorus 
pentachloride  on  this  alcoliol,  has  an  odour  of  oranges,  a  specific 
gravity  of  0'892  at  18°,  and  boils  at  175°.  Heated  with  alcoholic 
potash,  it  yields  octene,  CgHu;  by  alcohol  and  potassium  acetate,  it 
18  converted  into  octene  and  octyl  acetate. 
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2.  Ethyl-isopentyl  Garhinol,  HO.CH  j  cH(CH  )  ' 

tamed  together  with  the  primary  alcohol,  from  the  octane  produced 
hy  the  action  of  zinc  and  hydrochloric  acid  on  the  secondary  octyl 
iodide  obtained  from  the  alcohol  last  described.  The  octyl  chloride 
prepared  from  this  octane  smells  faintly  of  oranges,  and  the  acetal,e 
prepared  from  it  yields,  when  heated  with  alcoholic  potash,  an  octyl 
alcohol,  which  boils  at  182°-186°,  and  is  converted  by  oxidation 
into  a  ketone,  CgHigO,  isomeric  with  methyl-hexyl  ketone,  but  differ- 
ing from  it  by  yielding  when  further  oxidised,  not  caproic  and 
acetic,  but  propionic  and  ordinary  valeric  acid  :  hence  it  consists  of 
ethyl-isopentyl  ketone  (see  Ketones)  : 

C2H5 

I  ^i^a  CH2CH(CH3)2 

CO  +  0,  =    I  +1  +  H^O; 

I  COOH  COOH 

CH2CH2CH(CH3)2 

Ethyl-isopentyl  ketone.  Propionic  acid.       Valeric  acid. 

and  the  alcohol  from  which  it  is  obtained  is  ethyl-isopentyl 
carbinol. 

3.  A  secondary  octyl  alcohol,  different  from  both  the  preceding,has 
been  obtained  from  octene,  by  heating  this  hydrocarbon  in  a  sealed 
tube  with  hydriodic  acid,  converting  the  resulting  octyl  iodide,  or 
octene  hydriodide,  CgHig.HI,  into  the  acetate,  and  distilling  the 
latter  with  iinely  pulverised  potassium  hydroxide.  This  alcohol  has 
an  aromatic  odour,  a  specific  gravity  of  O'Sll  at  0°,  and  Ijoils  at 
174°-178°.  By  oxidation  it  yields  the  same  products  as  the  castor 
oil  alcohol,  and  must  therefore  likewise  consist  of  metliyl-hexy] 
carbinol ;  but  as  it  boils  at  a  lower  temperatm-e  than  the  latter,  it 
probably  contains  a  difl'erent  modification  of  hexyl. 

Tertiary  Octyl   Alcohol,    or   Propyl -diethyl  Carbinol, 

C^H^  ,  is  formed  by  treating  butyryl  chloride,  C3H7COCI, 

with  zmc-ethyl,  and  decom])osing  the  product  with  water.  It  is  a 
somewhat  viscid  liquid,  lighter  than  water,  and  insoluble  therein, 
and  does  not  solidify  in  a  freezing  mixture.    With  phosphorus 

Sentachloride  it  yields  an  octyl  chloride  boiling  at  155°.    By  oxi- 
ation  with  chromic  acid  mixture  it  yields  propionic  and  acetic 
acids. 

^Tonyl  Alcohol,  C(,Hjj,OH,  is  obtained  by  the  series  of  re- 
actions above  described  from  the  nonane  of  American  petroleum, 
and  likewise  occurs,  together  with  nonene,  Cyijs.  in  that  jiortiou  of 
the  li<[uid  obtained  by  distilling  nmyl  alcohol  with  zinc  chloride, 
which  boils  lietween  i34°  and  150°.  Nonyl  alcohol  boils  at  about 
200".  Nonyl  chloride,  C0II19CI,  has  a  specific  gravity  of  0-899  at 
16°,  and  boils  at  190°. 
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Decyl  Alcohol,  CioHgiOH,  from  petroleum  decane,  boils  at 
210°-215°.  An  isomeric  alcohol,  probably  tetra-ethylated  ethyl 
alcohol,  CH(C2H5)2— C(C2H5)20H,  is  formed  by  the  action  of  di- 
bromacetyl  bromide,  CHBr.COBr,  on  zinc- ethyl ;  it  boils  at 
155°-157°. 

The  alcohols  of  the  series  CnH2n+20  containing  11  to  15  carbon- 
atoms,  are  not  known,  but  compound  ethers  containing  12  and  14 
carbon-atoms  appear  to  occur  in  spermaceti. 

Hexdecyl  or  Cetyl  Alcohol,  CigHg^O  =  Ci8H33(OH),  also 
called  Ethcd,  is  obtained  from  spermaceti,  a  crystalline  fatty  sub- 
stance foiind  in  peculiar  cavities  in  the  head  of  the  sperm  whale 
{Physeter  macrocRijhaliis).  This  substance  consists  of  cetyl  pal- 
mitate,  C32Hg402,  or  CjgHgg.C^gHgjOg,  and  when  heated  for  some 
time  with  solid  potash,  is  resolved  into  potassium  palmitate  and 
cetyl  alcohol : 

CieH33.C,eH3i02  +  KOH  =  KO^,11,,0^  +  Ci6H33(OH) .  - 

The  cetyl  alcohol  is  dissolved  out  from  the  fused  mass  by  alcohol 
and  ether,  and  purified  by  several  crystallisations  from  ether. 

Cetyl  alcohol,  or  ethal,  is  a  white  crystalline  mass,  which  melts 
at  about  50°,  and  crystallises  by  slowly  cooling  in  shining  laminae. 
It  has  neither  taste  nor  smell,  is  insoluble  in  water,  but  dissolves 
in  all  proportions  in  alcohol  and  ether.  When  heated  it  distils 
without  decomposition.  With  sodium  it  gives  off  hydi-ogen  and 
yields  sodium  cetylate,  CigH33NaO.  It  is  not  dissolved  by  aqueous 
alkalis ;  but  when  heated  with  a  mixture  of  potash  and  lime,  it 
gives  off  hydrogen,  and  is  converted  into  palmitic  acid  : 

CioH3,0  +  KOH  =  KC1BH31O2  +  2H2. 

Distilled  with  phosphorus  pentachloride  it  yields  cetyl  chloride, 
Ci(jH33Cl,  a  limpid  oily  liquid,  having  a  specific  gravity  of  0'8412  at 
12°,  and  distilling  wdth  partial  decomposition  at  a  temperatiu-e 
above  200°.  Cetyl  iodide,  C;l6H33I,  obtained  by  treating  the 
alcohol  with  iodine  and  phosphorus,  is  a  solid  substance  which 
melts  at  22°,  dissolves  in  alcohol  and  ether,  and  crystallises  from 
alcohol  in  interlaced  laniinaj. 

According  to  Heintz,  cetyl  alcohol,  or  ethal,  prepared  as  above, 
is  not  a  definite  compound,  but  a  mixture  of  hexdecyl  alcohol, 
C16H34O21  '^^^^'^  small  quantities  of  thr-ee  other  alcohols  of  the  same 
series,  containing  respectively  12,  14,  and  18  atoms  of  carbon, 
inasmuch  as,  when  fused  -with  potash-lime,  it  jdelds  the  correspond- 
ing fatty  acids,  CnH2n02. 

Ceryl  Alcohol,  CayHgeO  =  C2.H55(OH) ;  also  called  Cerotic 
alcohol  and  Cerotin. — This  alcohol  is  obtained  from  Chinese  wax 
or  Pela,  a  secretion  enveloping  the  branches  of  certain  trees  in 
China,  and  supposed  to  be  produced  by  the  puncture  of  an  insect. 
This  wax  consists  mainly  of  ceryl  cerotate,  C27H55.C27H63.O2, 
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and  is  decomposed  by  fused  potash  in  the  same  manner  as  sperma- 
ceti, yielding  potassium  cerotate  and  ceryl  alcohol : 

On  digesting  the  fused  mass  with  boiling  water,  a  solution  of 
potassiiun  cerotate  is  obtained,  holding  ceryl  alcohol  in  suspension ; 
and  on  precipitating  the  cerotic  acid  with  barium  chloride,  and 
treating  the  resulting  precipitate  with  alcohol,  the  ceryl  alcohol 
dissolves,  and  may  be  purified  by  repeated  crystallisation  from 
alcohol  or  ether.  It  then  forms  a  waxy  substance,  melting  at  97°. 
Heated  with  potash-lime,  it  gives  off  hyclrogen,  and  is  converted  into 
potassium  cerotate.  At  very  high  temperatures  it  distils,  partly  un- 
decomposed,  partly  resolved  into  water  and  carotene,  C27H54;  by 
this  character  it  would  appear  to  be  related  to  the  secondary  alcohols. 
With  siilphuric  acid  in  excess,  it  forms  hydrated  neutral  ceryl 
sulphate,  (C2^B.^^)280^.'Hfi. 

Myricyl  Alcohol,  CsoHggO  =  C3oH8i(OH).— This  alcohol,  the 
highest  known  member  of  the  series,  CnH2n+20,  is  obtained  from 
myricin,  the  portion  of  common  bees'  wax  which  is  insoluble  in 
boiling  alcohol.  Myricin  consists  of  myricyl  palmitate,  CjoHg^. 
Cji-HjjOj,  and  when  heated  with  potash  is  decomposed  in  the  same 
manner  as  spermaceti  and  Chinese  wax,  yielding  potassium  palmi- 
tate and  myricyl  alcohol.  On  dissolving  the  product  in  water, 
precipitating  with  barium  chloride,  exhausting  the  precipitate  with 
boiling  alcohol,  and  dissolving  the  substance  deposited  from  the 
alcohol  in  light  petroleum,  pure  myricyl  alcohol  separates  as  a 
crystalline  substance,  having  a  silky  lustre.  When  heated,  it  partly 
sublimes  unaltered,  and  is  partly  resolved  (like  ceryl  alcohol)  into 
water  and  melene,  CgQHgQ.  With  strong  sulphuric  acid  it  yields 
myricyl  sulphate.  Heated  with  potash-lime,  it  gives  off  hydrogen, 
and  is  converted  into  potassium  melissate : 

CgoHe^O  +  KOH  =  KCjoH^oO^  +  2U,. 

The  mother-licjuor  from  which  the  myricyl  alcohol  has  crystal- 
lised out,  as  above  mentioned,  retains  a  small  quantity  of  an 
isomeric  alcohol,  which  melts  at  72°,  and  when  treated  with  potash- 
lime  yields  an  acid  containing  a  smaller  proportion  of  carbon. 


2.  Monatomic  Alcohols,  CnH2nO,  or  .CnHzn— lOH . 

Two  alcohols  of  this  series  are  known,  viz.: 

Vinyl  alcohol,  C^llfi  =  C2H3(OH) 
Allyl  alcohol,  C^R^O  =  CaHf/OII) . 
The  first,  discovered  by  Berthelot  in  1 8(50,  is  produced  by  com- 
bining ethine  or  acetylene  M'ith  sulphuric  acid,  whereby  vinyl 
euJphuric  acid  (C2H3)HS04  is  formed,  and  distilling  the  product 
with  water,  just  as  in  the  preparation  of  etliyl  alcohol  from  ethene; 
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HHSO4  +  C^H,  =  (C2H3)HS04 
(C2H3)HSO;  +  HOH  =HHS04  +  C.HgCOH). 
It  is  an  easily  decomposible  liquid,  having  a  highly  pungent  odour, 
somewhat  more  volatile  than  water,  soluble  in  10  to  15  parts  ot  that 
liquid,  and  precipitated  from  the  solution  by  potassium  carbonate. 
It  is  isomeric  with  acetic  aldehyde  and  ethene  oxide  (p.  170). 
The  univalent  radicle  vinyl,  CgHg,  which  may  be  supposed  to  exist 
in  it,  is  related  to  the  trivalent  radicle  ethenyl  (p.  23)  in  the  same 
manner  as  allyl  to  propenyl  (see  below). 

Allyl  Alcohol,  CMfi  =  CJI.iOR)  =  CH  .—This  alcohol, 

CH2OH 

discovered  by  Cahours  and  Hofmanu  in  1856,  may  be  supposed  to 
contain  the  univalent  radicle  allyl,  C3H5,  derived  from  a  saturated 
hydrocarbon  by  abstraction  of  one  atom  of  hydrogen,  and  isomeric 
with  the  trivalent  radicle  propenyl,  (C3H5),  derived  from  propane, 
CH3— CH2— CH3,  by  abstraction  of  three  atoms  of  hydrogen.  Allyl 
and  propenyl  compomids,  tadeed,  are  easily  converted  one  into  the 
other  by  addition  of  subtraction  of  two  atoms  of  a  monad  element 
or  radicle. 

To  obtain  the  alcohol,  allyl  iodide  is  first  prepared  by  the 
action  of  phosphorus  tetriodide  on  propenyl  alcohol  (glycerin), 
(C3H,)(OII)3  : 

2(C3H6)(OH)3  +  P2I4  =  2O3H5I  +  2P(OH)3  +  lo. 
The  allyl  iodide  is  next  decomposed  by  silver  oxalate,  yielding  allyl 
oxalate ; 

2C3H5I  4-  AgsCgOi  =  2AgI  +  (C3H5)2C20, ; 

and  the  allyl-  oxalate  is  decomposed  by  ammonii^,  yielding  oxamide, 
C202(N  112)2,  and  allyl  alcohol : 

{CsS.,),G,0,  +  2NH3  =  (C202)(NH2)2  +  2C3H,(OH). 

AUyl  alcohol  is  a  colom-less  liquid,  having  a  pungent  odour  and  a 
spirituous  burniug  taste.  It  mixes  in  all  proportions  with  water, 
common  alcohol,  and  ether  ;  boils  at  103° ;  burns  vnih  a  brighter 
flame  than  common  alcohol. 

Allyl  alcohol  is  a  primary  alcohol,  similar  in  all  its  ordinary 
reactions  to  ethyl  alcohol.  By  oxidation  in  contact  with  platinum 
black  or  aiore  quicldy  by  treatment  with  potassium  dichromate 
and  s'ulphmic  acid,  it  is  converted  into  acrylic  aldehyde  (acrolein), 
C  H  0  and  acrylic  acid,  C3H4O2,  compounds  related  to  it  in  the 
same  manner  as  common  aldehyde  and  acetic  acid  to  ethyl  alcohol, 
lieated  with  phosphoric  oxide,  it  yields  allylene,  C3H4.  With 
potassium  and  sodium  it  yields  substitution-products.  Strong 
sulphuric  acid  converts  it  into  allyl-sulphuric  acid.     With  the 
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bromides  and  chlorides  of  phosphorus  it  yields  allyl  bromide 
CaHgBr,  and  allyl  chloride,  CgHgCi. 

Allyl  Bromides. — The  monohromide,  CgH^Br,  prepared  as  just 
mentioned,  or  by  distilling  propene  bromide,  CgHgErg,  with  alcoholic 
potash,  is  a  liquid  of  specific  gravity  1-47,  and  boiling  at  62°.  A 
tribromiiMof  allyl,  CgHjBrg,  is  obtained  by  adding  bromine  to  the 
mono-iodide  in  a  vessel  siurrouuded  by  a  freezing  mixture.  It  is  a 
liquid  of  specific  gravity  1-436  at  23°,  boiling  at  217°,  and  solidify- 
ing when  cooled  below  10°.  It  is  isomeric  with  propenyl  bromide  or 
tribromhydrin,  obtained  by  the  action  of  phosphorus  peutabromide 
on  glycerin. 

_A  diallyl  tetrabromide,  G^■^^^v^,  is  formed  by  the  direct  com- 
bination of  diaUyl  (p.  64),  with  bromine  ;  it  is  a  crystalline  body, 
melting  at  37°. 

Allyl  Iodides,— The  mono-iodide,  Cgllgl,  obtained,  as  above 
described,  by  distilling  glycerin  with  phosi^horus  tetriodide,  is  a 
liquid  of  specific  gravity  1-780  at  160°,  and  boiling  at  100°.  It  is 
decomposed  by  sodium,  with  formation  of  diallyl,  CfiHig.  By  the 
action  of  zinc  or  mercury  and  hydrochloric  or  dilute  sulphuric  acid, 
it  is  converted  into  propene  (or  allyl  hydride) : 

2C3H3I  +  Zn2  +  2HC1  =  ZnCl^  +  Znl^  -f  2C3H8 . 

Diallyl  tetriodide,  CgHioI^,  is  a  crystalline  body  obtained  by 
dissolving  iodine  in  diaUyl  at  a  gentle  heat. 

Allyl-sulphdric  Acid,  (C3H5)HS04,  is  produced  by  adding 
aUyl  alcohol  to  strong  sulphuric  acid.  The  solution,  diluted  with 
water  and  neutralised  with  bariimi  carbonate,  yields  barium  aUvl- 
sulphate,  (C3H5)2Ba(SO.j)2. 

Allyl  Oxide,  (C3H.)20,  is  produced  by  the  action  of  allyl  iodide 
on  potassium  allylate  (the  gelatinous  mass  obtained  by  dissolving 
potassium  in  allyl  alcohol)  : 

C3H,0K  +  CgH.I  =  KI  -1-  (CgRO^O. 

It  is  a  colourless  liquid,  boiling  at  82° 

Allyl  Sulphide,  (C3H,)2S.— This  compound  exists,  together 
with  a  small  quantity  of  allyl  oxide,  in  volatile  oil  of  garUc,  and 
IS  formed  artificially  by  distilling  allyl  iodide  with  potassium 
monosulphide  : 

2C3H,I  +  K2S  =  2KI  -f-  (CTO^S. 

To  prepare  it  from  garlic,  the  sliced  bulbs  are  distilled  with  water, 
and  the  crude  oil  thus  ol)tained — which  is  a  mixture  of  the  suli)hide 
and  oxide  of  allyl — is  subjected  to  the  action  of  metallic  potassiiuu, 
renewed  until  it  is  no  longer  tarnished,  whereby  the  allyl  oxide  is 
decomposed,  after  which  the  siilphide  may  be  obtained  pure  by  re- 
di.stillation.  In  this  state  it  fornxs  a  colourless  li([uid,  lighter  than 
water,  of  high  refractive  power,  possessing  in  a  high  degree  the 
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peculiar  odour  of  the  plant,  and  distilling  without  decomposition.^ 
Allyl  sulphide,  dissolved  in  alcohol  and  mixed  with  solutions  of 
platinum,  silver,  and  mercury,  gives  rise  to  crystalline  compounds, 
consisting  of  a  double  sulphide  of  allyl  and  the  metal,  either  alone 
or  mixed  with  a  double  chloride. 

Volatile  Oil  of  Mustard,  consisting  essentially  of  allyl  isothio- 
cyanate,  C3H5.CNS,  is  described  in  connection  with  the  thiocyanic 
ethers  (p.  104). 

Allyl  Hydrosulphide,  or  Allyl  Mercaptan,  C3H.(SH),  ob- 
tained by  distilling  allyl  iodide  with  potassium  hydrosulphide,  is  a 
volatile  oily  liquid,  having  an  odour  like  that  of  garlic  oil,  but  more 
ethereal,  boiling  at  90°.  It  attacks  mercuric  oxide  hke  ethyl 
mercaptan,  forming  the  compoimd  Hg(C3H5)2S2. 


DIATOMIC    ALCOHOLS   AND  ETHERS. 

The  diatomic  alcohols  are  derived  from  saturated  hydrocarbons 
by  substitution  of  two  equivalents  of  hydroxyl  for  two  atoms  of 
hydrogen,  and  may  therefore  be  regarded  as  compounds  of  bivalent 
radicles  with  two  equivalents  of  hydroxyl :  ethene  alcohol,  for 
example,  may  be  represented  by  either  of  the  formulae  : 

CH2OH  OH 

CH20H 

CH3 

the  first  representing  it  as  n  derivative  of  ethane,       ;  the  second 

as  a  compound  of  ethene,  CjH,,  with  hydroxyl,  or  as  derived  frora  a 
double  molecule  of  water,  H2(OH)2,  by  substitution  of  ethene  for 
two  atoms  of  hydrogen. 

The  diatomic  alcohols  of  the  fatty  group,  called  glycols,  are 
represented  by  the  general  formula, 

CnH2n+202  or  (CnH2n)(OH)2. 

They  may  be  regarded  as  compounds  of  olefincs  with  two  equi- 
valents of  hydroxyl.    The  following  are  knomi : 

Ethene  alcohol,      .         .  C^lifi^   =  C^UIOR^ 

Propene  alcohol,     .  .  CaHgOa    =  CgHg^OHja 

Tetrene  or  Biitene  alcohol,  .  C4H10O2  =  C4H8(OH)2 

Pentene  or  Amylene  alcohol,  CgHjjOa  =  CsHiolOHjj 

Octene  alcohol,      .         •  ^8^1802  =  C8Hib(OH)2 

The  glycols  are  formed  by  the  following  processes : 

1.  By  combining  an  oletine  with  bromine ;  treating  the  result- 
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ing  dibroniide  witli  an  alcoholic  solution,  of  potassiimi  acetate,  or 
with  silver  acetate,  whereby  it  is  converted  iato  a  diacetate  of  the 
define  ;  and  decomposing  this  compound  with  solid  potassium 
hydi'oxide,  whereby  potassium  acetate  and  a  diatomic  alcohol  ai'e 
formed,  the  latter  of  which  may  be  distilled  off  : 


CH,Br 

I    "  + 
CHaBr 
Ethene  bromide. 


2AgOC2H30  = 


Silyer  acetate. 


2AgBr 


+ 


CH2OC2H3O 
CH2OC2H3O 

Ethene  diacetate. 


CH2OC2H3O 

CH2OC2H3O 
Etliene  di- 
acetate. 


+    2K0H    =    2KOC2H3O    +  I 


CH2OH 


Potassium 
hydioxide. 


Potassium 
acetate. 


CH2OH 
Ethene 
alcolioL 


2.  By  combining  an  olefine  with,  hypochlorous  acid,  and  treating 
the  resulting  compoimd  (a  chlorhydrin)  with  moist  sUver  oxide : 

CH2 

I  +  ClOH 


CH2CI 


CH2 

Ethene. 


CH2CI 


CH2OH 
Ethene 
chlurhydrln. 


H2OH 


+ 


AgOH  = 


AgCl  + 


CH2OH 


Properties. — The  glycols  are  colourless,  inodorous,  more  or  less 
viscid  liquids,  having  a  sweetish  taste,  freely  soluble  in  water  and 
alcohol ;  ethene  alcohol  is  but  sparingly  soluble  in  ether ;  the  rest 
dissolve  easily  in  that  liquid. 

The  chendcal  reactions  of  the  glycols  have  been  studied  chiefly 
in  the  case  of  ethene  alcohol.  They  are,  for  the  most  part,  similar 
to  those  of  the  monatomic  alcohols  ;  but  inasmuch  as  the  glycols 
contain  two  atoms  of  replaceable  hydrogen,  or  of  hydroxyl,  the 
reactions  generally  take  place  by  two  stages,  yieldtug  two  series  of 
products. 

1.  Ethene  alcohol  treated  with  nitric  acid  gives  up  2  or  4  atoms 
of  hydrogen  in  exchange  for  oxygen,  and  is  converted  into  gly  collie 
acid,  C2II4O3,  or  oxalic  acid,  CjHjO,,,  according  as  the  action  takes 
place  at  ordinary  or  at  higher  temperatures  ;  thus: 


CH2OH 


and 


h 


H2OH 


CH2OH 
I 

CH,OH 


+ 


O2  = 


H2O 


+ 


+    0,j    =    2H2O  + 


CH2OII 
COOH 
COOH 
COOH 
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Under  certain  circumstances  the  corresponding  aldehydes  are  also 
COH 

produced,  as  glyoxal,  I      ,  from  ethene  alcohol,  by  removal  of  four 
COH 

hydrogen-atoms  without  substitution. 

2  Potassium  and  sodium  eliminate  one  or  two  atoms  of  hydro- 
gen from  the  glycols,  and  form  substitution -products.  Ethene 
alcohol  is  strongly  attacked  by  sodium,  yielding  sodiumethenate, 
CgHgNaOg ;  and  this  compound,  fused  with  excess  of  sodium,  is 
converted  into  di  sodium  e  then  ate,  C2H4Na202.  These  com- 
pounds, treated  with  monatomic  alcoholic  iodides,  yield  the  alco- 
holic ethers  of  the  glycols ;  thus : 


CH20Na 


i 


+ 


H2OH 

Sodium 
etheuate. 

CHaONa 


CHgONa 

Disodiura 
ethenate. 


=    Nal  + 


4-  2C2H5I    =   2NaI  + 


CH2OC2H5 
CH2OH 

Ethyl 
ethenate. 

CH0OC2H5 


i 


H2OC2H, 

Diethyl 
ethenate. 


3.  Oxygen  acids,  heated  with  glycols  in  closed  vessels,  act  upon 
them  in  the  same  manner  as  upon  the  monatomic  alcohols,  con- 
verting them  into  ethereal  salts  or  compound  ethers,  niono- 
acid  or  di-acid,  according  to  the  proportions  used.  In  the  di-acid 
glycol-ethers,  the  two  radicles  by  which  the  hydrogen  is  replaced 
may  belong  either  to  the  same  or  to  different  acids ;  e.g., 


CH2OH 
CH2OH 

Ethene 
alcohol. 

CH2OH 


CH„OH 


+  HOC2H3O 


H„0    +  I 


Acetic 
acid. 


OH 

Ethene 
alcohol. 

CH.,OH 


+  2HOC2H3O 


2HoO  + 


Acetic 
acid. 


Aho 


OC„H,0 


+    HOC4H7O    =    H,0  -1- 


Ethene 
mono-acetate. 


Butyric 
ucld. 


CH2OC2H3O 

Ethene  mono- 
acetate. 

CH2OC2H3O 

iH^OC^HgO 

Ethene 
diacetate. 

CHsOC^HjO 

insOCoHaO 

Ethene 
bntyracetate. 


The  haloid  acids  (HCl  and  HBr),  act  in  the  same  manner  as 
oxygen-acids,  excepting  that  the  reaction  never  goes  beyond  the 
first  stage ;  e.g., 
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CH,OH  CH.Cl 
I   '  +    pel       =        H^O    +  I 

CH„OH  CH,OH 

Ethene  v,^*?^'!''- 
alcohol  chlorliydnn. 

With  hydnodic  acid,  a  further  action  generally  takes  place,  re- 
sulting in  the  separation  of  iodine,  and  the  formation  of  an  olefine: 
thus : 

CHJ— CHjOH  +  IH  =  C2H4  +  HjO  +  \. 

The  monochlorhydrins,  &c.,  of  the  glycols  (haloid  hydrins), 
are  also  produced,  as  above  mentioned,  by  direct  addition  of  hypo- 
chlorous  acid  to  the  olefines.  When  treated  with  nascent  hydrogen, 
they  are  converted  into  monatomic  alcohols  ;  e.g., 

CjH^CKOH)  -t-  H2  =  HCl  +  C2H.,(0H). 

When  heated  with  metallic  salts  they  form  mono-acid  compound 
ethers  : 

CH2CI  CH^OC^HaO 
1  -f    C2H3O.OK    =    KCl  I 

CH,.OH  CH,.OH 

Ethene  Potassium  Ethene 

chlorhydrin.  acetate.  monoacetate. 

The  haloid  hydrins  treated  with  alkalis  are  converted  into  the 
oxygen-ethers  or  anhydrides  of  the  glycols,  CnHznO  ;  thus  : 

CHoQ  /CH2 

-t-  KOH  =  KCl  +  H2O  +  0< 
:!HjOH  CH2 

These  oxides  are  isomeric  with  the  aldehydes  and  ketones. 

The  dichlorinated  ethers,  &c.  (haloid  dihydrins),  produced, 
as  already  observed,  by  direct  combination  of  chlorine,  bromine, 
and  iodine,  with  the  olefines  (p.  68),  may  also  be  formed  by  the 
action  of  the  chlorides,  bromides,  and  iodides  of  phosphorus  on  the 
glycols;  e.g., 

C2H4(OH)2  +  2PC1„  -  2POOI3  -f-  2HC1  +  C2H4CI2. 

Methene  Glycol,  CH2(OH)2  is  not  known,  and  in  all  probability 
cannot  exist.  It  appears  indeed  that  a  single  carbon-atom  is  not 
capable  of  attracting  to  itself  more  than  one  hydroxyl  group ;  and  in 
reactions,  where  sYich  dihydroxyl-compounds  might  be  expected  tc 
arise,  water  is  separated,  and  the  corresponding  oxides  {i.e.,  alde- 
hydes) are  actuallyjproduced.  Thus,  on  heating  ethidt.'ne  dichloride 
CH3— CHCI2,  with  silver  acetate,  and  distilling  the  resulting  acetic 
ether  with  pota.sh,  the  product  obtained  is  not  ethidene  glycol, 
CH3— CH(0H)2,  but  the  products  of  its  decomposition,  namely, 
.water  and  aldehyde,  CHg — CHO  . 
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Ethers  of  methene,  or  of  methene-glycol,  have  however  been  pro- 
duced. The  haloid  ethers,  CH2I2,  &c.,  have  been  already  described 
(p.  68). 

Methene  Dimethylate,  CH2(OCH3)2,  also  called  Methylal  and 
Formal,  is  formed  by  the  oxidation  of  methyl  alcohol  with  man- 
ganese dioxide  and  sulphuric  acid.  It  is  an  ethereal  liquid,  having 
a  specific  gravity  of  0-855,  and  boiling  at  42°.  It  mixes  readily  vnth. 
alcohol  and  ether,  and  dissolves  in  three  parts  of  water. 

Methane  Diacetate,  CEr2(OC2H30)2,  formed  by  the  action  of 
methene  iodide  on  silver  acetate,  in  an  oily  liquid,  heavier  than 
water,  and  boiling  at  170°.  It  is  insoluble  in  water,  and  when 
boiled  with  alkalis,  is  converted  into  methene  oxide. 

Methene  Oxide,  CHgO,  isomeric  with  formic  aldehyde,  H.CHO, 
is  produced  by  the  action  of  oxide  or  of  oxalate  of  silver  on  methene 
iodide,  in  the  latter  case  with  evolution  of  carbon  monoxide  and 
dioxide  : 


The  distillate,  however,  consists,  not  of  CHjO,  but  of  the  polymeric 
compound,  CjHyOj,  which  collects  in  the  receiver  as  a  crystalline 
mass,  soluble  in  water,  alcohol,  and  ether,  melting  at  152°,  and 
subliming  below  100°.  The  density  of  its  vapour  is  1'06  referred  to 
air,  or  1 5  referred  to  hydrogen  as  imity ;  and  as  this  is  haK  the  mole- 
cular weight  represented  by  the  formula  CH^O  (I2-|-2-|-16=30),  it 
follows  that  this  formula  correctly  represents  the  molecule  of  the 
compound  in  the  state  of  vapour.  On  the  other  hand,  the  solid 
compound,  when  treated  with  hydi'ogen  sulphide,  is  converted  into 
methene  sulphide,  a  body  M^hichmeltsat218°,sublimes easily, and 
yields  a  vapour  whose  density  (69  referred  to  hydrogen),  shows  that 
the  molecule  of  this   compound  is  not  CHjS,   but  C3HgS3. 


it  is  formed  has  also,  in  the  solid  state,  the  constitution  represented 
by  the  formula  C3Hg03,  or  (€112)303 . 

Methene -disulphonic   or   Methionic   acid,  CHo-c^q^H^ 

formed  by  the  action  of  fuming  sulphuric  acid  on  acetamide  or 
acetonitril  (methyl  cyanide,  CH3.CN ;  p.  169),  crystallises  in  long 
deliquescent  needles.  It  is  very  stable,  not  being  altered  by  boiling 
with  nitiic  acid.  The  barium-salt,  CH2(S03)2Ba  -I-  2H2O,  forms 
nacreous  lamina3,  sparingly  soluble  in  water ;  it 'is  precipitated  from 
the  aqueous  solution  of  the  acid  by  bariimi  chloride. 

Methene  -  hydrinsulphonic  acid,  CH2<;gQ  jj  ,  or  Oxyvicthyl- 

'sulphonic  acid,  is  obtained  hj  acting  on  methyl  alcohol  with  stil- 
phuric  anhydride,  and  boiling  the  product  with  water.    It  ciystal- 


CH^I,  +  C204Ag,  =  CF3O  +  CO,  +  CO  -I-  2AgI. 


Hence  it  is  inferred  that  the  oxide  from  which 
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lises  with  difficulty,  and  is  moderately  stable.  Its  barium  salt  crys- 
tallises in  small  anliydi'ous  tables. 

SO  TT 

Siilphacetic  acid,  CH2<QQ3g    (Methene  carbonyl-sulphonic 

acid),  is  the  first  product  of  the  action  of  sulphiuic  acid  on  acetamide 
or  acetonitrO. : 

\  +    2S0A    =    (NH,)HSO,    +  CH,<g^3g 

Acetamide.  Acid  ammonium  Sulphacetic 

sulpliate.  acid. 

It  is  also  produced  by  heating  a  mixture  of  glacial  acetic  acid  and 
sulphuric  anhydride,  and  as  a  sodium  salt  by  boiling  a  solution  of 
sodium  sulphite  vdth  sodium  monochloracetate : 


i 


O.ONa 

By  neutralising  the  solution  obtained  by  the  second  process  with 
lead  carbonate,  and  decomposing  the  solution  of  the  resulting  lead- 
salt  with  hydrogen  sulphide,  a  solution  is  obtained  which,  when 
concentrated,  yields  sulphacetic  acid  in  transparent  prisms. 

Sulphacetic  acid  is  a  strong  bibasic  acid.  When  heated  with  sul- 
phuric anhydride,  it  is  converted  into  methene-disulphonic  oi 
methionic  acid : 

CH2(S03H).C02H    +    SO3    =    CHaCSOaH)^    -I-  CO^. 

Hence,  also,  methionic  acid  is  obtained  as  the  ultimate  product  of 
the  action  of  fuming  sulphuric  acid  on  acetamide  or  acetonitril. 

CH2OH 

Ethene  Glycol,  CoHgOo  =  CoH4(0H),  =  I  ,  prepared 

CH2OH 

by  di.stilling  the  monoacetate  or  diacetate  of  ethene  with  caustic 
potash,  is  a  colourless  viscid  liquid,  having  a  specific  gravity  of 
1-125  at  0°,  and  boilin"  at  197-5°.  It  mixes  freely  with  water  and 
alcohol,  but  is  only  slightly  soluble  in  ether.  Its  reaction  with 
sodium,  and  the  formation  of  ethylic  ethers  by  treating  the  resulting 
sodium  derivatives  with  ethyl  iodide,  have  been  already  described 
(pp.  166,' 167). 

Jithylic  Ethenate,  C2H4(OH)(OC2Hf,),  likewise  formed  by  direct 
combination  of  ethene  oxide  with  ethyl  alcohol,  is  a  liquid  hav- 
ing a  fragrant  odour,  and  boiling  at  127°.  The  dicthylic  ether, 
C^tUOC^H,),,  boils  at  12:3°. 

Glycol  heated  with  zinc  chloride  yields  aldehyde  : 


CH2OH  CH3 
I  -       H2O       =  J 

(JH2OH  CHO 
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With,  phosphorus  pentachloride  it  forms  ethene  dichloride: 
C2H,(OH)2  +  PCI5  =  PCI3O  +  H2O  +  C^H.Cl^. 
Eydriodic  acid  reduces  it  to  ethyl  iodide  : 

C2H,(OH)2  +  SHI  =  C^H.I  +  2H2O  +  I2. 
Ethene  Chlorliydrate  or  Ethene  Chlorhydrin,  C2H^<q^  ,  is 

formed  by  heating  glycol  with  hydrochloric  acid,  or  by  agitatiiig 
ethene  with  aqueous  hypochlorous  acid.  It  is  a  colourless  liquid, 
miscible  with  water,  and  boiling  at  128°.  By  oxidation  with 
cliromic  acid  mixture  it  is  converted  into  monochloracetip  acid : 

C2H,(0H)C1  +  02  =  H2O  +  C2H3CIO2. 
By  heating  with  potassium  iodide  it  is  converted  into  ethene 
iodhydrin,  G^H-^CilO)!,  a  viscid  liquid,  which  decomposes  Avhen 
distilled. 

Ethene  Nitrate,  C2H4(N03)2,  produced  by  heating  ethene 
iodide  with  silver  nitrate  in  alcoholic  solution,  or  by  dissolving 
glycol  in  a  mixture  of  strong  nitric  and  sulphuric  acid,  is  a  yellow- 
ish liquid,  of  specific  gravity  1-483  at  8°,  insoluble  in  water, 
exploding  when  heated.  By  alkalis  is  resolved  into  glycol  and 
nitric  acid. 

OH 

Ethene -sulplmric  Acid,  CgH^ .  SO4H2  =  S02<qq  g  ,  is  pro- 

duced  by  heating  glycol  with  sulphuric  acid.  Its  barmm  salt., 
obtained  by  neutralising  the  cooled  acid  solution  with  barium 
carbonate,  is  very  soluble,  deliquescent,  and  decomposes  when  heated 
with  baryta-water  into  ethene  and  barium  sulphate. 

Ethene  Oxide.— CjH^O,  or  0  "^Cq jj^  >  isomeric  with  acetic  alde- 
hyde is  formed  by  the  action  of  caustic  potash  on  ethene  chlor- 
hydrin.  Tlie  action  is  violent,  and  the  ethene  oxide  is  given  off 
in  vapour,  which  may  be  condensed  in  a  receiver  surrounded  by  a 
freezing  mixture,  and"  containing  a  few  lumps  of  calcimn  chloride, 
over  which  the  product  may  be  afterwards  dried.  It  is  an  ethereal 
mobile  liquid,  having  a  specific  gravity  of  0-898  at  0°,  boiling  at 
13-5°  (aldehyde  boils  at  21°),  and  miscible  in  aU  proportions  with 
water  and  with  alcohol.  When  the  aqueous  solution  is  treated 
■with  sodium  mnalgam,  in  a  vessel  siuToimded  wth  a  freezing 
mixture,  the  ethene  oxide  takes  i\p  hydrogen,  and  is  converted  into 
ethyl  alcohol : 

CaH.O  +  Hj,  =  C,H„0. 
Ethene  oxide  unites  -with  ammonia  in  several  proportions,  forming 
the  following  basic  compounds,  all  of  which  are  syrupy  liquids : 
Monoxethenamine,     ....       CoH.O .  NH3 
Dioxethenamine,        ....       (021140)2 .  NH3 
Trioxethenamine,       ....       (€21140)3 .  NH3 
Tetroxethenamine,     ....       (CgH^O)^ .  NH3 . 
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This  character  distinguishes  ethene  oxide  from  aldehyde,  which 
forms  with  ammonia  a  crystalline  compound  not  possessing  basic 
properties.  A  further  distinction  between  these  two  isomeric 
bodies  is,  that  aldehyde  forms  crystalline  compounds  with  the  acid 
sulphites  of  the  alkali-metals,  a  property  not  possessed  by  ethene 
oxide. 

Ethene  oxide  is  a  powerful  base,  uniting  directly  with  acids, 
precipitating  magnesia  from  a  soliition  of  magnesium  chloride  at 
ordinary  temperatures,  and  ferric  oxide  and  alumina  from  their 
saline  solutions  at  100°.    With  hydrochloric  acid,  it  forms  ethene 
CI 

chlorhydrin,  C^R^^^^q^^  ,  and  with  acetic  acid,  ethene  acetohydrin, 

CjH^-^Qg^^  .  It  also  unites  with  water  in  several  proportions, 
forming  glycol  and  the  following  compoimds. 

Polyethenic  Alcohols. — These  are  bodies  which  contain  the 
elements  of  two  or  more  molecules  of  ethene  oxide  combined  with 
one  molecule  of  water,  and  may  be  regarded  as  formed  by  the 
union  of  two  or  more  molecules  of  glycol  (mono-ethenic  alcohol), 
with  elindnation  of  a  number  of  water-molecules  less  by  one  than 
the  number  of  glycol-molecules  which  enter  into  combination  ;  or 
as  derived  from  three  or  more  molecules  of  water,  by  substitution 
of  ethene  for  the  whole  of  the  hydrogen  except  two  atoms;  thus: 


CsHflOj  or  (C2H4)H.,02 

=    C2H4O.  H2O 

Monethenic  alcohol 

Ethene 

(glycol). 

oxide. 

C4H10O3  or  {C,Ui)^U.fi3 

=    2C2H4O.H2O  = 

2C0H0O2 

Diethenic  alcohol. 

Ethene 

Glycol. 

oxide. 

=    3Ci,H40.H20  = 

Triethenic  alcohol. 

Ethene 

Glycol. 

oxide. 

CgHigOj  or  (CM'^iOs 

=    4aH,O.H20  = 

4CJI„0„ 

Tctrethenic  alcohol. 

Ethene 

Glycol. 

oxide. 

C2nH4n-i-20n+ior(C2H4)nH20n+i=mC„H40.HsO=»iC2HeOs-(»i-l)H20 

7i-ethenic  alcohol.  Ethene  Glycol. 

oxido. 

The  polyethenic  alcohols  are  formed — 1.  "By  heating  ethene  oxide 
■with  water  in  sealed  tubes.  In  this  manner  Wurtz  obtained 
diethenic  alcohol  together  with  monethenic,  and  a  small  quantity 
of  tri-ethenic  alcohol. — 2.  By  heating  ethene  oxide  wth  glycol  in 
sealed  tubes :  this  process  yields  the  di-  and  tri-cthenic  alcohols. 
3.  By  heating  glycol  with  ethene  bromide  in  sealed  tul)es  to 
100°-12()°.  The  first  products  of  this  reaction  are  diethenic  alcohol, 
ethene  bromhydrin  and  water : 
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3(C2H4)H202  +  C.H.Bra  =  (C2H4)2H203  +  2{C2H4)Br(OH)  +  H.O ; 
Monetlienic  Ethene  Diethenic  Ethene  brom- 

alcohol.  bromide.  alcohol  hydiin. 

and  the  other  polyetheuic  alcohols  are  formed,  each  from  the  one 
next  below  it  in  the  series,  by  the  action  of  ethene  bromhydrin, 
according  to  the  general  equation : 

(C3H4)nH20„+i    +    (C2H4)Br(0H)   =    (C2H4)„+iH,On+2    +    HBr . 

The  hydro  bromic  acid  thus  formed  then  acts  on  the  excess  of 
glycol  present,  reproducing  ethene  bromhydrin,  and  thus  the 
action  is  continued.  By  this  process,  the  2-,  3-,  4-,  5-,  and 
6-ethenic  alcohols  have  been  obtained  and  separated  by  fractional 
distillation ;  and  when  a  sufficient  excess  of  glycol  is  present,  the 
temperature  being  kept  between  110°  and  120°,  still  higher 
members  of  the  series  are  produced. 

The  polyethenic  alcohols  are  syrupy  liquids,  becoming  more 
viscid  as  their  molecular  weight  increases:  their  boning  point 
rises  by  about  45°  for  each  addition  of  C2H4O. 

Diethenic  alcohol,  C^HiqOj  or  (C2H4)2H203,  boils  at  about  245°; 
the  density  of  its  vapour  is  3'78  (aLr=l);  by  calculation  it  should 
be  3'67,  so  that  it  exhibits  the  normal  condensation  to  two 
volumes.  By  contact  with  platinum  black,  or  by  treatment  with 
nitric  acid,  it  is  oxidised  to  diglycoUic  acid,  C^HgOj,  an  acid 
isomeric  with  malic  acid,  and  formed  from  diethenic  alcohol  by- 
substitution  of  0  for  Hj,  just  as  glycollic  acid,  C2H4O3,  is  formed 
from  monethenic  alcohol,  CgHgOg.  Triethenic  alcohol,  O^-^fi^,  or 
(02^'d3^2^ii  is  oxidised  in  like  manner  to  ethene-digly  collie 
acid,  CgHiaOfi. 

Ethene  Hydrosulphide  or  Thiohydrate. — Ethenic  or  glycolic 
mercaptan,  C2H^(SH)2,  formed  by  the  action  of  ethene  bromide  on 
an  alcoholic  solution  of  potassium  hydi'osulpliide,  is  a  colourless 
oil,  of  specific  gravity  1-12,  boiling  at  146°,  insoluble  in  M'ater, 
soluble  in  alcohol  and  ether.  With  lead  acetate  it  forms  a  yellow 
precipitate  consisting  of  CgH^SjPb,  and  similar  compoimds  with 
other  metallic  salts. 

Ethene  Sulphide,  C2H4S,  formed  by  the  action  of  ethene 
bromide  on  potassium  sulphide  in  alcoholic  solution,  is  a  crystalline 
body,  melting  at  110°,  and  boiling  at  200°.  Its  vapour-density 
(H-1)  is  60,  showing  that  its  molecular  formula  is  (€2114)282.  Its 

constitution  is  therefore  C2H4<;g>.C2H4 . 

Ethene      Hydroxy  sulphide      or     Monothio  -  hydrate, 

C2H4(OH)(SH),  formed  by  the  action  of  ethene  chlorhydriu  on 
potassium  hydrosulphide,  is  a  liquid  of  similar  properties,  and  forms 
salts  in  which  half  the  hydrogen  is  replaced  by  a  metal.  Nitric 
acid  oxidises  it  to  isethionic  acid,  CjHoSO^. 


ETHENE-SULPHONIC  ACIDS.  173 

Ethene-sulphonic  Acids . — E thene-disulphonic  acid, 
SO  H 

C2H4'<gQ^jj)  is  formed  by  oxidation  of  ethene  hydrosulpliide, 

C2H4(SH).„  and  ethene  thiocyanate,  C2H^(CNS)2 ;  by  the  action  of 
fuming  snlpburic  acid  on  alcohol  or  ether ;  and  by  boiling  ethene 
bromide  with  a  strong  solution  of  potassium  sulphite : 

C^H^Br^  +  2(KS02.0K)  =  2KBr  +  C2H,<|g2-OK_ 

It  forms  a  thick  liqviid,  very  soluble  in  water,  difficult  to  crystalHse ; 
the  crystallised  acid  melts  at  94°.  The  barium  salt,  C2H^(S03)2Ba, 
crystallises  from  water  in  six-sided  tables. 

Uthene  -  hydrinstilphonic    acid,    or    Isethionic  acid, 

C^B.^-eC^^-g^  ,  isomeric  with  ethylsulphurie  acid,  S02<[qq  jj  , 

is    produced    by    the  oxidation    of   ethene  mono-thiohydrate, 
OH      ....  J  f 

CjH^-cC^gjj  ,  with  nitric  acid ;  by  the  action  of  nitrous  acid  on 

taurine : 

^^^*<s5h  +   ^^^^  =  ^2  +   H2O   +  C2H,<0^^; 

by  heating  ethene-chlorhydrin  with  potassium  sulphite : 

Q,Tl,<lf  +  KSO3K  =  KCl  +  C2H,<0H^^  . 

and  by  boiling  ethionic  acid  with  water  (p.  174). 

When  vapour  of  sulphuric  anhydride  is  passed  into  well  cooled 
alcohol  or  ether,  and  the  product  is  boiled  with  water  for  several 
hours,  a  solution  is  formed,  containing  ethionic,  sulphuric,  and  a 
small  quantity  of  methionic  acid;  and  on  saturating  this  liquid 
with  barium  carbonate,  filtering  from  barium  sulphate,  and  leaving 
the  filtrate  to  cool,  methionate  of  barium  crystallises  out  first,  and 
afterwards  the  isethionate. 

Isethionic  acid  is  a  viscid  liquid,  which  does  not  easily  crystallise : 
it  is  not  decomposed  by  boiling  with  water.  Its  salts  are  stable, 
and  crystallise  well.  The  amawnium  salt  crystallises  in  rhombic 
plates  melting  at  190°  ;  when  heated  to  210°-220°,  it  is  converted 
mto  amidethylsulphonic  acid  or  taurine  : 

C2H.<gJ3.NH,  =  H.0  +  C2H,<S5^|j. 

By  the  action  of  phosphorus  pentachloride  on  isethionic  acid  or 
its  salts,  the  chloride,  CgH^Cl.SOjCl,  is  formed,  as  a  liquid  which 
boils  at  200°,  and  is  converted  by  boiling  with  water  into 
chlorethylsulphonic  acid,  CjH^Ci.SOsH. 

Taurine,  CJl^llX^O^l,  occirrs  in  combination  with  cholic 
acid  (as  taurocholic  acid),  in  the  bile  of  oxen  and  other  animals,  and 


174 


PATTY  GROUP :  ALCOHOLS  AND  ETHERS. 


in  various  other  animal  secretions.  It  may  be  prepared  l>y  boiling 
taurocholic  acid  with,  an  alkali ; 

C^eH^gNSO^    +    H,0    =    C^.H^oOs    +  CoH.NSOj 

Taurocliolio  Cholic  Taurine, 

acid.  acid. 

It  is  formed  artificially,  as  already  observed,  by  beating  ammonium 
isethionate  to  230°;  also  by  heating  chlorethylsulphonic  acid  with 
aqueous  ammonia. 

Taurine  crystallises  in  large  monoclinic  prisms,  easily  soluble  in 
hot  water,  insoluble  in  alcohol,  melting  and  decomposing  at  about 
240°.  It  forms  salts  with  alkalis,  and  dissolves  in  acids,  but 
separates  from  the  solution  unaltered. 

Taurine  is  not  decomposed  by  boiling  with  acids  or  with  alkalis, 
but  by  fusion  with  potassium  hydroxide  it  is  decomposed  in  the 
manner  shown  by  the  equation : 

C2H,(NH2).S03K  +  2K0H  =  C2H3KO2  +  SO3K2  +  NH3  +  H^. 
Nitrous  acid  converts  it  into  isethionic  acid. 

Ethiotiic  acid  and  Anhydride. — The  anhydride,  CgH^SoOg, 
formerly  called  sulphate  of  carhjl,  is  formed  by  passing  the  vapour 
of  sulphur  trioxide  into  anhydrous  alcohol ;  also  by  direct  imion  of 
ethene  with  sulphur  trioxide.  It  is  a  very  deliquescent  crystaUine 
mass,  which  melts  at  80°.  It  readily  takes  up  the  elements  of 
water,  and  is  converted  into  ethionio  acid,  CgHgSoOi- ; 

CA<goSVo   +   HOH    =  C,H,<0(SO.gH. 

Anhydride.  Acid. 

Ethionic  acid,  having  one  of  its  sulphur-atoms  connected  with 
a  carbon^atom  directly,  the  other  only  through  the  medium  of 
oxygen,  acts  both  as  a  sulphonic  acid  and  as  an  acid  ether  of  sul- 
phuric acid ;  it  is  therefore  bibasic.  Both  the  free  acid  and  its  salts 
are  resolved  by  boiling  with  water  into  sulphuric  and  isethionic 
acids : 

'        C2H,<ggJ^jf ,  +  H,0  =  SO,H,  +  C,H,<gJjj. 


ETHIDENE  COMPOUNDS. 

Ethidcne  dichloride,  CH3 — CHCL,  has  already  been  described 
(p.  70).  The  oxide,  CH3 — CHO,  is  oroinary  aldehyde  (see  Alde- 
hydes). 

Ethidene  Dimethylatc,  CH3— CH(0CH3)  2,  occurs  in  crude 
wood-spii'it,  and  is  formed  in  the  oxidation  of  a  mixture  of  methylic 
and  ethybc  alcohols ;  also  by  heating  aldehyde  with  methyl  alcohol. 
It  is  a  colourless,  ethereal  liquid,  having  a  specific  gravity  of  0-8555, 
and  boiUng  at  65°,  r 
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Ethidene     Methyl-ethylate,     CHj— CH<q^  -^s  ^  formed 

simiiltaneoiisly  with  tlie  preceding  by  the  o}ddatioii  of  a  mixture  of 
methyl  and  ethyl  alcohol,  boils  at  85°. 

Ethidene  Diethylate  or  Acetal,  CH.^ — CH(OC2H5)2,  isomeric 
■with  ethene  diethylate,  is  formed  by  oxidation  of  ethyl  alcohol,  and 
is  found  among  the  fii'st  portions  of  the  distillate  obtained  in  the 
preparation  of  ordinary  spirit.  It  is  formed  also  by  the  action  of 
sodium  ethylate  on  ethidene  dichloride,  and  by  heating  aldehyde 
■with  alcohol  to  100°  in  sealed  tubes  : 

CH3— CHO  +  2(C2H50H)  =  H2O  +  CH3— CH(OC2H5)2. 

It  is  a  liquid  smelling  lite  alcohol,  having  a  specific  gravity  of 
0-821  at  22°,  boiling  at  104°.  With  chlorine  it  yields  mono-,  di-, 
and  trichloracetal.  , 

E thidene-sulphonic  acids. — The  relation  of  these  some'what 
unstable  acids  to  their  isomerides,  the  ethene- sulphonic  acids,  is 
sho^wnby  the  following  formulae  : 

CH2.OH  .OH 
I  CH3.CH< 
CH2.SO3H  SO3H 

Isethionic  acid,  Ethidene-oxysul- 

plionic  acid. 

CH2.SO2H  ^SOgH 

CH3.CH< 


CH2.SO2H  \SO3H 

lene-disulplionic  Ethidene-disul- 
acid.  phonic  acid. 


Ethidene-disulinlionic  acid,  CH3.CH(S03H)2,  and  Ethidene-chloro- 

mlphonic  acid,  CHj.CIK^gQ  jj ,  are  formed  by  heating  ethidene 

dichloride  (p.  70)  ■with  aa  aqueous  solution  of  neutral  sodium 
sulphite  to  about  140°.  The  former  is  very  unstable ;  the  latter  is 
moderately  stable,  and  forms  well  crystallised  salts  ;  its  sodium  salt 
crystallises  in  nacreous  laminae. 


Propene  Glycols,  CgHgOg  =  C3Ho(OH)2.— There  are  two  of 
these  diatomic  alcohols,  represented  by  the  following  formulae: 

CH3  CH2.OH 

inoH  in. 


^^2 

CH2OH  ina.OH 

Propene  glycol.  TilmotlienB  glycol. 
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They  are  analogous  to  the  second  and  fourth  modifications  of  the 
diatomic  haloid  derivatives  of  propene,  already  described  (p.  70). 
Glycols  analogous  to  the  first  and  third  of  these  derivatives,  viz., 
CH3— CH2— CX2  and  CH3— CX2— CH3  are  not  known,  and  probably 
cannot  exist,  since  it  appears,  as  already  noticed,  that  two  hydroxyl 
groups  cannot  be  attached  to  one  carbon-atom. 

Propene  glycol  is  formed  by  heating  the  corresponding  bromide, 
CH3— CHBr— CHsBr,  with  silver  acetate,  and  the  resulting  acetic 
ether  with  potash  {  also  by  heating  propene  chloride  with  water  and 
lead  oxide.  It  is  a  colourless  oily  liquid,  having  a  sweet  taste,  a 
specific  gravity  of  1-051  at  0°,  and  boCing  at  188°-189°.  In  contact 
with  platinum  black  it  is  oxidised  to  lactic  acid  : 
CH3-CHOH-CH2OH  +  0,  =  HP  +  CH3-CHOH-COOH. 

Heated  to  100°  with  strong  liydriodic  acid,  it  gives  pseudopropyl 
iodide,  CH3 — CHI — CH3.  Phosphorus  pentachloride  converts  it 
into  propene  dichloride,  CH3 — CHCl — CH2CI. 

Fropene  chlorhy  drin,  CH3— CHOH— CH2CI,  is  formed  by  the 
action  of  gaseous  hydrogen  chloride  on  the  glycol,  and  by  that  of 
hypochlorous  acid  on  propene.  It  has  a  specific  gravity  of  1-302  at 
0°,  and  boils  at  127°. 

The  corresponding  bromhydrin  boils  at  about  146°. 

ro-i 

Propene  oxide,  CH3— CH— CH^,  formed  by  the  action  of  aqueous 
potash  on  propene  chlorhydrin,  is  a  volatile  liquid,  boiling  at  35°, 
having  a  specific  gravity  of  0-859  at  0°,  easily  soluble  m  water. 
Nascent  hydrogen  converts  it  into  secondary  propyl  alcohol, 
CH3— CHOH— CH3. 

Trimethene  glycol,  prepared  from  trimethene  bromide  (p.  72), 
is  a  thick  saccharine  liquid,  boiling  at  212°. 

Butene  Glycols,  C^HioOj  =  C^H8(OH)2.— Six  of  these  com- 
pounds are  theoretically  possible,  four  derived  from  normal  butane 
and  two  from  isobutane.  Only  two  of  them,  however,  are  at  present 
known,  "viz.  : 

(1.)  Butene  glycol,  CH3— CHOH— CHo— CHoOH,  is  formed  in 
small  quantity  by  the  action  of  sodium  amalgam  on  acetic  aldehyde 
in  aqueous  solution;  but  is  best  prepared  by  leaving  a  cold  mixture 
of  acetic  aldehyde  and  dilute  hydrochloric  acid  to  itself  for  two  or 
three  days,  whereby  the  acetic  aldehyde  is  converted  into  the  alde- 
hyde of  butene  glycol,  called  aldol,  and  treating  the  latter  with 
sodium  amalgam : 

CH3— CHO  -t-  CH3— CHO    =    CH3— CHOH— CH2— CHO 

Acetic  aldehyde  (2  mol.).  Aldol. 

and 

CH3-CHOH-CH2-CHO  -FHj  =  CH3-CHOH-CH2-CH2OH. 

AldoL  Butene  glycol. 
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Butene  glycol  is  a  thick  liquid,  boiling  at  204°,  miscible  with 
water  and  with  alcohol.  By  oxidation  with  nitric  acid  or  with 
clu'oiuic  acid  mixture  it  is  resolved  into  acetic  and  oxalic  acids, 
together  with  a  small  quantity  of  butyric  aldehyde. 

(2.)  Isohutene  glycol,  (CH3)2=^COH — CHgOH,  prepared  from 
the  corresponding  bromide,  has  a  specific  gravity  of  I'OiS  at  0°,  and 
boils  at  183°-184°.  By  oxidation  with  nitric  acid  it  is  converted  iiito 
oxyisobutyric  acid,  (CH3)2=GOH— COOH. 

Isopentene  or  Amylene  Glycol,  C5Hio(OH)5,= 
(CH3),  =  CH— CHOH— CH2OH,  the  only  5-carbon  glycol  known,  is 
prepared  by  distilling  amylene  diacetate  with  potash,  or  by  addition 
of  hydrogen  dioxide  to  amylene.  It  boils  at  177°,  has  a  specific 
gravity  of  0-987  at  0°,  and  is  converted  by  oxidation  with  nitric  acid 
into  isovaleric  acid.  The  corresponding  oxide,  CgHjuO,  is  a  liquid 
insoluble  in  water,  having  a  specific  gravity  of  0-824  at  0°,  and 
boiling  at  95°. 

Hexene  Glycols,  Cf-TI-^^i^irj^. — Normal  hexene  glycol, 
CHjOH — (CHj)^ — CHgOH,  from  hexene  bromide  (obtained  from 
mannite,  or  from  the  hexyl  chloride  of  American  petroleum),  has  a 
specific  gravity  of  0-967  at  0°,  and  boils  at  207°. 

Mesohexene    Glycol,     ^'^■^^^>CR—HC<9,^'^^ ,  or 

(  H     ^  ^ 
Diallyl  Dihydrate,  CgH^o  |  ^q^^^  ,  is  prepared  by  heating  diallyl 

in  a  sealed  flask  with  strong  hydriodic  acid,  converting  the  resulting 

diallyl  hydriodide,  CgHio  j  ^2,  into  the  diacetate,  Q^B.^^  |       ^  , 

by  treating  it  with  silver  acetate  suspended  in  ether,  and  decoin- 
posing  the  diacetate  with  potash.  It  is  a  thick,  colourless  syrup, 
having  a  specific  gravity  of  0-9638  at  0°  and  0-9202  at  65° : '  boils 
between  212°  and  215°. 

Pinacone,  (CH3)2COH— OOH(CH3)2,  is  formed,  together  with 
pseudopropyl  alcohol,  by  the  action  of  sodium  or  sodium-amalgam 
on  acetone  in  aqueous  solution  : 

(CH3),C0  +  CO(CH3)2  +        =  (CH3)2COH-COH(CH3),,. 

It  crystallises  from  the  concentrated  aqueous  solution  as  a  hydrate. 

+  ill  large  square  tables  which  niclt  at  42°,  and 

gradually  effloresce  in  contact  with  the  air.  The  liydi-ate  gives  u]) 
Its  water  when  heated,  and  at  17i°-172°  yields  a  distillate  of  anhy- 
drous pinacone,  wiiich  solidifies  to  an  indistinctly  crystalline  mass, 
melting  at  38°,  and  reconverted  into  the  hydrate  by  solution  in 
water.  Pinacone,  when  heated  with  acids,  is  converted  into 
pinacolin,  C„H,jjO  (sec  Aldehydes.) 

F0WNE3. — VOL.  H.  M 
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TRIATOMIC   ALCOHOLS    AND  ETHERS. 

Triatomlc  alcohols  may  be  derived  from  saturated  hydrocarbons 
by  substitution  of  three  atoms  of  hydroxyl  for  thi-ee  atoms  of 
hydrogen,  and  may  accordingly  be  regarded  as  compounds  of 
trivalent  alcohol-radicles  with  thi-ee  atoms  of  hydroxyl,  or  as  com- 
pounds derived  from  a  triple  molecule  of  water,  HgOg,  by  substitu- 
tion of  a  trivalent  alcohol-radicle  for  three  atoms  of  hydrogen. 
The  hydrocarbons  of  the  series  CnH2n+2,  should  accordingly  yield 
a  series  of  triatomic  alcohols  of  the  form  (CnH2n-i)(OH)3,  viz.: — 

Methenyl  alcohol,  .  .  .  CH(0H)3 
Ethenyl  alcohol,  ....  C,H3(OH)3 
Propenyl  alcohol,  .  .  .  C3H5(OH)3 
Tetrenyl  alcohol,  .  .  .  C,H7(OH)3 
Pentetiyl  alcohol,  .  .  .  C5Ho(OH)3 
&c.  &c. 

Of  these,  however,  only  two  are  known,  viz.,  propenyl  alcohol, 
or  glycerin,  and  pentenyl  alcohol,  or  amyl  glycerin. 

Each  triatomic  alcohol  subjected  to  the  action  of  acids,  or  of  the 
chlorides,  bromides,  or  iodides  of  phosphorus,  may  yield  three 
classes  of  ethers,  derived  from  it  by  substitution  of  a  halogen 
element,  or  acid  radicle,  for  part  or  the  whole  of  the  hydroxyl; 
thus,  from  glycerin  may  be  obtained  the  three  hydrochloric  ethers, 
C3H5C1(0H)2,  CgHgClgOH,  C,H,Cl3,  and  the  three  acetic  ethers, 
0;H5(0C2H30)(0H)2,  C3H5(0C2H30)20H,  and  C3H,(OC2H30)3. 

CH2OH 

inoH 

CH.,0H 

This  compound  is  obtained  by  the  action  of  alkalis  on  natural 
fats,  which  are,  in  fact,  the  propenylic  ethers  of  certain  fatty  acids ; 
thus  stearin,  one  of  the  constituents  of  mutton  suet,  consists  of 
jjropenyl  tristearate,  {CsK^iOO^Jiyfi).^.  a  compound  derivable  from 
glycerin  itself,  by  substitution  of  stearyl,  CigH.jsO,  for  hydrogen. 
Now,  when  stearin  is  boiled  with  a  caustic  alkali,  it  is  converted 
into  a  stearate  of  the  alkali-metal  and  glycerin ;  thus : 

C3H,(OC,8H3,-,0)3  +  3KH0  =  3K0C,,Jl^S>  +  C3H,(OH)3 

Stearin.  Potassium  (jlycerin. 

steuiate. 

A  similar  reaction  ttikes  place  when  any  other  similarly  constituted 
i'at  is  treated  with  a  caustic  alkali.  The  nuitallic  salts  of  the  fatlv 
acids  thus  obtained  are  the  well  known  bodies  called  soaps,  and 


Propenyl  Alcoliol  or  Glycerin, 

(  OH 

C3H8O3    =    (C3H,)    OH  or 

(oh 
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the  process  is  called  saponification  ;  this  term,  originally  re- 
stricted to  actual  soap-making,  has  been  extended  to  all  cases  of  the 
resolution  of  a  compound  ether  into  an  acid  and  an  alcohol,  such, 
for  examjjle,  as  the  conversion  of  ethyl  acetate  into  acetic  acid  and 
ethyl  alcohol  by  the  action  of  alcoholic  potash. 

Glycerin  was  originally  obtained  by  heating  together  olive  or 
other  suitable  oil,  lead  oxide,  and  water,  as  in  the  manufacture  of 
common  lead-plaster ;  an  insoluble  soap  of  lead  is  thereby  formed, 
while  the  glycerin  remains  in  the  aqueous  liquid.  The  latter  is 
treated  with  sulphuretted  hydrogen,  digested  with  animal  charcoal, 
filtered,  and  evaporated  in  a  vacuum  at  the  temperature  of  the  air. 
Glycerin  is  now  produced  in  very  large  quantity  and  perfect  purity 
iu  the  decomposition  of  fatty  substances  by  means  of  over-heated 
steam,  a  process  which  Mr.  George  Wilson  has  introduced  into  the 
manufacture  of  candles.  In  this  reaction  a  fatty  acid  and  glycerin 
are  produced  by  assimilation  of  the  element*  of  water ;  they  are 
carried  over  by  the  excess  of  steam  in  a  state  of  mechanical  mixture, 
which  rapidly  separates  into  two  layers  in  the  receiver.  The 
reaction  is  exactly  similar  to  that  which  takes  place  when  a  caustic 
alkali  is  used  to  effect  the  saponification,  e.g. : 

C3H,(OC,3H3,0)3   +   3H,0   =   3HOCisH3,0    +  C3H,(OH)3 

stearin.  Stearic  acid.  Glycerin. 

Glycerin  may  also  be  produced  from  propenyl  bromide,  (CgHglBrg, 
a  compound  formed,  as  abeady  observed,  by  the  action  of  bromine 
on  allyl  iodide,  CjHgl.  The  process  consists  in  converting  the 
jjropenyl  bromide  into  propenyl  triacetate,  (C3H5)(002H30)3,  by 
the  action  of  silver  acetate,  and  decomposing  this  ether  with 
potash.  This  mode  of  formation  must  not,  however,  be  regarded 
as  an  actual  synthesis  of  glycerin  from  compounds  of  simpler 
constitution  :  for  the  aUyl-compounds  are  themselves  prepared  from 
glycerin  (p.  162). 

Glycerin  is  a  nearly  colourless  and  very  viscid  liquid  of  specific 
gravity  1-27,  and  boiling  at  290°.  When  quite  pure  and  anhy- 
drous, it  crystallises  on  exposure  to  a  very  low  temperature 
especially  if  agitated,  as  in  railway  transport.  The  crystals  are 
monoclinic,  perfectly  colourless,  and  melt  at  60°  F.*  Glycerin 
has  an  intensely  sweet  taste,  and  mixes  with  water  in  all  propor- 
tions: its  solution  does  not  undergo  the  alcoholic  fermentation,  but 
when  mixed  with  yeast  and  kept  in  a  warm  jiLice,  it  is  gradually 
converted  into  propionic  acid.  Glycerin  has  no  action  on  vegetal)le 
colours.  Exposed  to  heat,  it  volatilises  in  part,  darkens,  and  de- 
composes, giving  off,  amongst  other  products,  a  substance  called 
acrolein,  Q^Kfi,  having  an  intensely  pungent  odour. 

Concentrated  7iUric  acid  converts  glycerin  into  glyceric  acid, 
^'sHijO.,,  an  acid  related  to  glycerin  in  tilie  same  manner  as  glycollic 


•  Eoos,  Chem.  Soc.  J.  1870,  i.  651. 
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acid  to  glycol,  and  acetic  acid  to  ethyl  alcohol ;  being  formed  from 
it  by  substitution  of  oxygen  for  two  atoms  of  hydrogen  in  immediate 
relation  to  hydroxyl;  thus: 

CH,OH  CH2OH 

I    "  I 
CHOH     +02    =    H2O    +  CHOH 

CH2OH  COOH 

Glycerin.  Glyceric  acid. 

The  formula  of  glycerin  indicates  the  possibility  of  effecting  a  second 
substitution  of  the  same  kind,  which  would  yield  diglyceric  acid, 
CsH^Ofl,  but  this  acid  has  not  been  actually  obtained. 

Glycerin,  treated  with  a  mixture  of  strong  nitric  and  sulphimc 
acids,  forms  nitroglycerin,  C3Hj(N02)303,  a  heavy  oily  liqmd 
which  explodes  ]iowerfully  by  percussion.  It  is  much  used  for  blast- 
ing in  mines  and  quarries,  but  is  very  dangerous  to  handle,  and  has 
given  rise  to  several  fatal  accidents. 

Glycerin  combines  with  the  elements  of  sulphuric  acid,  forming  a 
sulp'hoglyceric  acid,  CgHgOaSOg,  which  gives  soluble  salts  with 
lime,  baryta,  and  lead  oxide. 

Monatomic  oxygen-adds  (acetic,  benzoic,  stearic,  &c.),  _  heated  m 
sealed  tubes  with  glyceria,  yield  compound  ethers  in  which  1,  2,  or 
3  hydrogen-atoms  of  the  glycerin  are  replaced  by  an  equivalent 
quantity  of  the  acid  radicle,  according  to  the  proportions  employed. 
The  resulting  compound  ethers  are  denoted  by  names  ending  in  in; 
thus; 

C3H6(0H)3  +  HOC2H3O    =  C3H5(OH)20C,H30     +  H.p 

Glycerin.  Acetic  acid.  Mono-acetin. 

C3H5(OH)3  +  2HOC2H3O  =  C3H5(OH)(OC2H30)2  -I-  SHgO 

Glycerin.  Acetic  acid.  Diacetin. 

C3H,(OH)3  +  3HOC2H3O  =  C3H5(OC2H30)3  +  3H2O. 

Glycei-in.  Acetic  acid.  Triacetiu. 

The  glyceric  ethers  or  glycerides  thus  produced  are,  for  the 
most  part,  oily  liquids,  increasmg  in  viscidity  as  the  acid  from  which 
they  are  formed  has  a  higher  mocular  weight ;  those  formed  from 
the  higher  members  of  the  fatty  acid  series,  CnH'-'nOa  (such  as  pal- 
mitic and  stearic  acids),  are  solid' fats.  Some  of  the  triacid  glycerides, 
produced  artificially  in  the  way  just  mentioned,  are  identical  with 
natural  fats  occm-ring  in  the  bodies  of  plants  and  animals;  thus 
tristearin  is  identical  with  the  stearin  of  beef  and  mutton  suet :  tri- 
olein with  the  olein  of  olive  oil,  &c. 

Hydrochloric  and  hydrohromic  acid,t  act  upon  glycerin  in  the  same 
manner  as  oxygen-acids,  excepting  that  the  reaction  always  stops  at 
the  second  stage  (just  as  in  the  action  of  these  acids  on  the  glycols 
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it  stops  at  the  first  stage).  The  ethers  thus  formed  are  called  chlo- 
hydrins,  broiuhydrins,  &c.,  e.g.: 

C3H,(OH)3    +    HCl     =    C3H,(0H)2C1    +  H^O 

Glycerin.  Chlorhydrin. 

C3H,(OH)3    +    2HC1  =    C3H.(OH)Cl2    +  SH^O 

Glycerin.  Diclilorhydrin. 

Hydriodic  acid  acts  somewhat  differently,  producing  an  ether, 
CuH^I03,  which  may  be  regarded  as  a  double  molecule  of  glycerin, 
havdng  fom-  equivalents  of  hydroxyl  replaced  by  two  atoms  of  oxygen, 
and  a  fifth  by  iodine,  CeHioOoCOH)! 

The  chlorides  and  bromides  of  phosphorus  act  upon  glycerin  in  the 
same  maimer  as  hydrochloric  and  hydrobromic  acid,  but  their  action 
goes  on  to  the  thu-d  stage,  prodiicing  trichlorhydrin,  or  propenyl 
chloride,  and  the  correspondhig  bromine-compomrd : 

C,U,(OE.)G\    +    PCI5    =    PCI3O    +    HCl    +  C3H5CI3 

Diclilorhydrin.  Trichlor- 
hydrin. 

Iodide  of  fhosphorus  acts  on  glycerin  in  a  totally  different  manner, 
yielding  iodopropene  or  allyl  iodide,  C3H.I  (p.  163). 

Monochlorliydrins,  C3H5 1  <^^p)2._0f  these  compounds  there 
are  two  modifications,  viz.: 

CH2.CI  CH2.OH 

in.OH  inci 
I  I 

CH,.OH  CH2.OH 

Unsymmetrical.  Symmetrical. 

The  first  is  the  chief  product  obtained  by  saturating  glycerin  with 
hydrochloric  acid  gas,  and  heating  the  liquid  for  some'time  over  the 
water-bath.  To  purify  it,  the  acid  liquid  is  saturated  with  sodium 
carbonate,  then  agitated  with  ether,  the  ethereal  solution  is  eva- 
porated, and  tlie  residual  lir[uid  subjected  to  fractional  distillation. 

Unsymmetrical  chlorhydrin  is  a  viscid  liquid,  easily  soluble  iu 
water,  alcohol,  and  ether,  having  a  specific  gravity  of  1-31,  and  boil- 
ing at  22()°-227°;  converted  by  sodium  amalgam' into  ordinary  pro- 
pene-glycol,  CH3— CH(OH)— CH3OH. 

Symmetrical  chlorhydrin  is  obtained  by  agitating  allyl  alcohol 
with  aqueous  hypochlorous  acid : 

CH2  CHijOH 


H  +    ClOH    =  CHCl 

CH2OH.  CH2OH 


It  has  a  specific  gravity  of  1-4  at  13°,  and  boils  at  230°-235". 
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DicMorhydrins,  C3H5  {  §1^  •  -  Of  these  also  there  are  two 
modifications,  viz.: 

CH,C1  CH2.OH 

in.oH  inci 

CH2.CI  CH^Cl 

Symmetrical.  Unsymmetrical. 

Both  are  formed  by  heating  glycerin  with  strong  hydrochloric 
acid,  the  first,  however,  predominating.  This,  wliich  is  the  ordmary 
modification,  is  hest  prepared  by  saturating  a  mixture  oi  equal 
volumes  of  glycerin  and  glacial  acetic  acid  with  hydrochloric  acid 
gas  at  100°,  neutralising  the  product  with  sodium  carbonate,  and 
subjecting  it  to  fractional  distillation.  It  may  also  be  prepared  by 
distilling  glycerin  with  SgClj.  Lastly,  it  maybe  obtained  quite 
pure  by  mixing  epichlorhydi-iii,  C3H5OCI,  with  fuming  hydrochloric 
acid. 

Symmetrical  dichlorhydriu,  or  diclilorinated  'pseudopropyl 
alcohol,  is  a  liquid  having  an  ethereal  odour,  a  specific  gravity  of 
1-383  at  19°,  boiling  at  174°,  easily  soluble  in  alcohol  and  ether, 
sparingly  in  water.  B v  sodium  amalgam  it  is  converted  into  p  s  e  u  d  o- 
propyl  alcohol,  CH3—CHOH—CH3,  and  by  o.T;fda<ion  with  dilute 
chromic  acid  mixture,  into  acetone  dichloride,  CH3 — Clg 
With,  "potassium  cyanide  it  forms  dicyanhydrin,  CH^.CN — CH(OH) 
— CH2.CN. 

Unsymmetrical  Dichlorhydrin  (commonly  called  chloride  of 
alhjl  alcohol)  is  formed  by  addition  of  chlorine  to  allyl  alcohol, 
CH2=CH— CH2(0H),  or  of  hypochlorous  acid  to  allyl  chloride: 

CH2  CH2.OH 

•    fjH     +  ClOH  =  inci 

CH2CI  CH2CI 

It  has  a  specific  gravity  of  1-370  at  0°;  boils  at  182°-183°;  is  converted 
by  metallic  sodium  into  allyl  alcohol. 

By  the  action  of  caustic  potash  or  soda,  both  dichlorhydrins  are 
converted,  by  abstraction  of  HCl,  into  epichlorhydrin. 

Trichlorhydrin,  Glyceryl  trichloride,  or  A  llyl  trichloride,  C3H5C13  = 

Q\  CHCl — CH.,C1,  is  formed  by  the  action  of  phosphorus  pen- 

tachloride  on  either"  of  the  dichlorhydrins ;  also  (together  with 
CH  CHCl  CHCU)  by  the  action  of  iodine  chloride  on  propene 
chlonde,  CH3.CHCI.CH2CI ;  and  by  chlorination  of  propene  and  of 
pseudopropyl  iodide.  It  is  a  liquid  whicli  smells  like  chloroform, 
has  a  specific  gravity  of  T-U?  at  15°,  and  boils  at  158°.  Heated 
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with  solid  potassium  6v  sodium  hydroxide,  it  forms  dichloro- 
glycide,  CHgZuCCl— CHgCl,  boiling  at  94°.  Heated  with  sul- 
phuric acid,  it  forms  monochloracetone,  CH3 — CO — CHgCl. 

Biomh.ydriD.s.—3Ionobromhydrin,  C3H5(OH)2Br  =  CH2.Br — 
CH.OH — CH.j.OH,  obtained  by  the  action  of  hydrobromic  acid  on 
glycerin,  is  an  oily  liquid,  boiling  in  a  vacuum  at  180°. 

Symmetrical  Dibromhydrin,  CHjBr — CH.OH — CH2Br,  pre- 
pared from  glycerin  and  hydrobromic  acid,  is  a  liquid  having  an 
ethereal  odour,  a  specific  gravity  of  2'11  at  18°,  and  boiling  at  219°. 
Unsymmetrical  dihromliydrin,  CHjBr — CHBr — CHgOH,  irom 
allyl  alcohol  and  bromine,  boils  at  212-214°. 

Trihromhydrin,  Glyceryl  tribromide,  or  Allyl  tribromide, 
C3H5Br3  =  CHjBr — CHBr — CHgBr,  is  obtained  by  the  action  of 
bromiae  on  allyl  iodide : 

C3H5I  +  2Br.,  =  IBr  +  C3H5Br3. 

It  crystallises  in  colourless,  shining  prisms,  melts  at  16°,  boils  at 
219°-220°  ;  is  converted  by  caustic  potash  or  soda  into  dibromo- 
glycide,  CH2=CBr— CHgBr,  boiling  at  151°-152°. 

lodhydriiis. — Monoiodhydrin,  C3H^  |  ^^^^^^^  obtaiaed  by  heat- 
ing glycerin  to  100°  with  hydriodic  acid,  is  a  viscid  liquid,  having  a 
specific  gravaty  of  r783. 

Di-iodhydrin,  C3H,(OH)l2  =  CH2l.CH(OH).CH2l,  obtained  by 
heating  symmetrical  clichlorhydrin  with  aqueous  potassium  iodide, 
is  a  thick  oil,  having  a  .specific  gravity  of  2'4,  and  solidifying  to  a 
crystalline  mass  at  — 15°. 

Tri-iodhydrin  or  Glyceryl  tri-iodide,  C3H5I3,  does  not 
appear  to  be  capable  of  existing,  inasmuch  as  the  action  of  hydriodic 
acid,  or  of  iodine  and  phosphorus  on  glycerin  yields  nothing  but 
allyl  iodide  and  free  iodine. 

Glycide  compounds — When  dichlorhydrin  is  treated  with 
potash,  it  gives  up  a  molecule  of  hydrochloric  acid,  and  is  converted 
into  a  compoimd,  C3H5OCI,  called  epichlorhy  drin : 

C3H5(OH)Cl2  -  HCl  =  C3H5OCI. 

This  compound  may  be  regarded  as  the  hydrochloric  ether  of  an 
alcohol,  C.jHf.,0(OH),  called  glycide,  formed  from  glycerin  by  abstrac- 
tion of  HjO.  Dibromhydrin,  C3H5(OH)Br2,  treated  in  the  sanu', 
manner,  yields  epibromhydrin,  or  the  hydrobromic  ether  of 
glycide,  C^BfiBr.  Epichlorhydrin  heated  with  dry  potassium 
iodide  is  converted  into  epi-iodhydrin,  CJd^pi: 

C3H5OCI  +  KI  =  KCI  C3H,0I. 

These  glycidic  ethers  are  easily  reconverted  into  bodies  of  the 
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glycerin  type.  Thus  epichlorhyclrin  combines  ^vith.  acetic  acid, 
forming  glyceric  acetochlorhydrin : 

(C3H6)C10  +  HOC2H3O  =  (C3H6)Cl(OH)(OC2H30); 

aiTd  with  alcohol  in  like  manner,  forming  glyceric  ethylchlor- 
hydrin,  (C3H5)Cl(OH)(OCoH.,). 

EpichlorhycMn  imites  dii-ectly  with  water,  forming  glyceric 
m  o  n  o  c  h  1  o  r h  y  d  r i n,  C3H5(0H)2C1. 

Epichlorhydrin  or  Glycidic  Hydrochloride,  isomeric  with 
monochloracetone,  may  be  obtained  by  agitating  either  of  the  dichlor- 
hydrins  with  strong  potash-ley : 

CH,C1  /CH2 

I   "  o<l 

CH.OH    +    KOH    =    KCl    +    H,0    +  ^CH 

I  "  II 

CH2CI  CH2CI . 

It  is  a  mobile  liquid,  having  a  specific  gravity  of  1-194  at  0°,  boiling 
at  119°;  insoluble  in  water;  easily  soluble  in  alcohol  and  ether.  It 
smells  like  chloroform,  and  has  a  burning  sweetish  taste.  When 
heated  with  fuming  hydrochloric  acid,  it  is  converted  into  symme- 
trical dichlorhydrin  : 

/CHo  CH2CI 
^CH     +    HCl    =  CH.OH; 

CH2CI  CH2CI 

and  by  prolonged  heating  with  water,  into  monochlorhydrin. 
Heated  with  alcohols,  it  yields  ethers  of  chlorhydrin,  such  as 
(  CI 

C,Hj;  <  OH     ,  which,  when  distilled  with  potassium  hydroxide,  are 
(O.C2H, 

converted  into  alcoholic  glycides  or  glycidic  ethers;  thus: 

CH2CI  /CH2 

I  0<l 
CH.OH      +  KOH  =  KCl  +  HgO  -r  ^CH 

CH2.O.C2H5  ^K^O.Q^B.^ 

Ethylic  chlor-  Etliyl 
hydrin.  glycide. 

Ethyl-ghjcide,  C3Hr,.O.OC2H.  (or  epiethylin),  boils  at  126°-130°; 
amyl-glycide,  C3H6.0.0.C,H,„  at  188°. 

Epibromhydrin,  C^lfiBv,  from  either  of  the  two  bromhy- 
drins,  boils  at  139°-140°';  cpi-iodhydrin,  C3H5OI,  obtained  by 
heating  epichlorhydrin  -ftith  solution  of  potassium  iodide,  boils  at 
about  160°. 


GLYCERIN. 


185 


Trichlorhydrin,  heated  with  potassium  hydi-oxide,  which  abstracts 
HCl,  yields  dichloroglycide,  C3H4CI2  =  GH2=CC1— CH2CI. 

Alcoholic  Ethers  of  Glycerin. — Derivatives  of  glycerin  con- 
taining alcohol-radicles  are  formed  by  heating  the  mono-  and 
dichlorhydrins  with  sodium-alcohol,  thus : 

^3^5  I  cif  +  2(C,H,.0.Na)  =  2NaCl  +  C3H5  j  (q^c^Hs),  ' 
Dichlorhydrln.  Diethylin. 

Mono-ethylin,  C3H5  |  >  is  soluble  in  water,  and  boUs 

at  230°.  Diethylin  is  sparingly  soluble  in  water,  smells  like 
peppermint,  has  a  specific  gravity  of  0'92,  and  boils  at  191°. 
Triethylin,  0311.(0.02115)3,  formed  by  the  action  of  ethyl  iodide 
on  the  sodium-derivative  of  diethylin,  is  a  liquid  insoluble  in  water, 
boiling  at  185°. 

Allylin,  03Hg  |  q^q"^  ,  is  produced  by  heating  glycerin  with 

oxalic  acid,  and  occurs  (together  with  glyceric  oxide)  in  the  residue 
left  after  heating  the  product  to  260°.  It  is  a  viscid  liquid,  boiling 
at  225°-240°. 

Glyceric  oxide  or  glycerin- ether,  (03113)203,  occurring 
together  with  allylin,  as  just  mentioned,  boUs  at  169°-172°. 

The  ethers  of  glycerin  containing  acid  radicles,  including  the 
natural  oils  and  fats,  will  be  described  under  the  respective  acids. 

Polyglycerins. — Two,  three,  or  more  molecules  of  glycerin  can 
unite  into  a  single  molecule,  with  elimination  of  a  number  of  water- 
molecules  less  by  one  than  the  number  of  glycerin  molecules  which 
combine  together ;  thus : 

2C3H,(0H)3    -    H2O       =  (C3H,)2{JJ)jj)^ 

Glycerin.  Diglyceiin. 

303H,(OH)3    -   2H2O        =  (C3H,)3|J^q2^^^ 
Glycerin.  Triglycerin. 

Generally : 

n03H,(0H)3     -    (n-l)H20     =    (CaHr,)^  {  [^0H)n+2 ' 

The  product  is  a  polyglycerin  whose  atomicity  (determined  by 
the  number  of  equivalents  of  hydroxyl  contained  in  it)  is  7i-t-2. 


The  mode  of  preparing  the  polyglyc(!rina  is  .similar  to  that  of 
the  polyethenic  alcohols  (p.  171),  and  consists  in  heating  glycerin 
with  monochlorhydrin,  whereby  diglycerin  and  hydrochloric  acid  are 
fonned : 

03H,C1(0H)2  -t-  C3H,(OH)3  =  (C3H5)20(0H),  +  IICl. 
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The  hydrocliloric  acid  thus  formed  converts  a  fresh  quantity  of 
glycerin  into  chlorhydrin,  which  then  acts  in  a  similar  manner  on 
the  diglycerin,  and  converts  it  into  triglygerin ;  and  in  this  manner 
the  process  is  continued.  The  polyglycerins  may  then  be  separated 
by  fractional  distillation.    Their  properties  are  but  little  known. 

Isopentenyl  Alcohol,  or  Amyl  Glycerin,  0^11^203  = 
(C5Hg)(OH)3. — This  compound  is  formed  from  bromoisopentene 
dibromide,  CgHpBr.Bra,  or  isopentenyl  bromide,  CgHpBrg,  by  the 
series  of  processes  represented  in  the  following  equations : 


CgHgBr 

Isopentenyl 
bromide. 


+ 


aAgOCgHaO 


2AgBr  + 


Silver 
acetate. 


Silver 
bromide. 


^0^9  \  Br 

Isopentenyl  diaceto- 
bromhydrin. 


Br 


Isopentenyl  diaceto- 
bromhydrin. 


+   2K0H   =  2KOaH30  +  C-Rg 


(OH)o 
Br 


Potassium 
hy  di  ate. 


Potassium 
acetate. 


Isopentenyl 
brombydrin. 


CgH 


(  (OH)^ 
I  Br 

Isopentenyl 
brombydrin. 


2    +  KOH 


KBr    +  (C.,H9)(OH)3 


Isopentenyl 
aicobol. 


Amyl  glycerin  is  a  thick  colourless  liquid,  having  . a  sweet  aromatic 
taste,  and  soluble  in  water. 


TETBATOMIC    ALCOHOLS    AND  ETHERS. 

The  only  tetratomic  alcohol  at  present  known  is : 

Erythrite,  C4H10O4  =  (C4Hg)  (0H)4,  also  called  Erythromannite, 
Erythroglucin,  saidPhycite,  which  is  the  tetratomic  alcohol  analogous 
to  butyl  alcohol,  C4Hi,qO,  and  butene  glycol,  C^HiqOj  ;  the  cor- 
responding glycerin  is  not  Itnown. 

Erythrite  is  a  saccharine  substance,  existing  ready-formed  in 
Protococcus  vulgaris.  It  was  originally  discovered  by  Dr.  Stenhouse 
among  the  products  of  decomposition  of  erytluic  acid.*  It  crystal- 
lises in  large  transparent  prisms,  is  readily  soluble  in  water, 
sparingly  soluble  in  alcohol,  insoluble  in  ether :  not  fermentable. 
Heated  with  hydriodic  acid,  it  yields  secondary  butyl  iodide. 
C,R,l  (p.  146) : 

C4H10O4  +  7HI  =  C4H9I  +  4H2O  +  31,. 

Heated  with  oxygen-acids,  it  forms  compound  ethers,  in  the  manner 
of  alcohols  in.  general;  thus,  with  benzoic  acid,  C-H5O,,  or 
HOCfHgO,  it  forms  a  dibenzoate,  (C4Hg)(OH)2(OC7H50)2,  and  a 


*  See  tlie  Chapter  ou  Colouring  Matters. 
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hexbenzocate,  (C^Hb)(OC7H50)^.2C7H202,  consisting  of  neutral  ben- 
zoyl-erythrite  united  with  two  molecules  of  benzoic  acid. 

A  tetratomic  ether,  viz.,  Ethylic  Orthocarbonate  or  Ortho- 
carbonic  Ether,  C(OC2Hi;)4,  analogous  to  carbon  tetrachloride, 
CCl^,  is  formed  by  the"  action  of  sodium  ethylate  on  chloro- 
picrin  (p.  80) : 

CClaCNO,)  +  4NaOC2Hg  =  SNaCl  +  NaNOa  +  C(OC2H5)4 . 

It  is  a  licjuid  having  an  ethereal  odour,  and  boiling  at  158°-159°. 

Heated  with  ammonia,  it  yields  guanidine,  CN3H5,  and  ethyl 
alcohol : 

C(OC,H5)4  +  3NH3  =  CN3H5  +  4C2H.OH  . 

The  corresponcUng  alcohol,  C(0H)4,  has  probably  no  existence, 
inasmuch  as  one  carbon-atom  appears  to  be  incapable  of  linking 
together  two  or  more  hydroxyl  groups. 


HEXATOMIC    ALCOHOLS    AND  ETHERS. 

■  This  class  of  compounds  includes  most  of  the  saccharine  sub- 
stances found  in  plants,  and  otlaers  produced  from  them  by  artificial 
transformation.  Three  of  the  natural  sugars,  mannite,  dulcite, 
and  sorbite,  having  the  composition  CgH.^ fig,  or  CgH8(0H)g,  are 
saturated  hexatomic  alcohols  derived  from  the  saturated  hydro- 
carbon, CgHj^.  Several,others,  called  glucoses,  contain  C^HjgOQ, 
that  is  to  say,  two  atoms  of  hydrogen  less  than  mannite  and  dulcite, 
and  may  therefore  be  regarded — so  far  as  composition  is  concerned — 
as  the  aldehydes  of  these  alcohols ;  moreover,  ordinary  glucose 
(grape-sugar)  is  converted  into  mannite  by  the  action  of  nascent 
hydrogen,  just  as  acetic  aldehyde,  CjH^O,  is  converted  into  common 
alcohol,  CjHjjO.  Fuj-ther,  there  are  diglucosic  alcohols,  or 
saccharoses,  Cj2H220ii(  =  2C5H,205-H20),  related  to  glucoses  in 
the  same  manner  as  diethenic  alcohol  to  glycol,  or  diglycerin  to 
glycerin:  the  most  important  of  these  are  cane-sugar  and  milk- 
sugar  ;  and,  lastly,  there  are  certain  vegetable  products  called 
amyloses — viz.,  starch,  cellulose,  and  a  few  others,  represented 
by  the  formula  C',.H,oOi-,,  or  multiples  thereof,  which  maybe  regarded 
as  the  oxygen-ethers  or  anhydrides  of  the  glucoi5es,  or  of  the  di- 
glucosic alcohols,  inasmuch  as  they  differ  therefrom  by  a  molecule 
of  water. 

These  three  groups  of  compounds,  which  consist  of  carbon  united 
with  hydrogen  and  oxygen  in  the  proportion  to  form  water,  are 
included  under  the  general  name  of  carbohydrates. 
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Saturated,  Hexatomic  Alcohols. 

Mannite,  CoHi40(.  =  (C6H8)(OH)6.— This  is  the  chief  compo- 
nent of  manna,  an  exudation  from  a  species  of  ash ;  it  is  also  found 
in  the  juice  of  certain  other  plants,  in  several  sea- weeds,  and  in 
mushrooms.  It  is  best  prepared  by  treating  manna  with  boiling 
alcohol,  and  iiltering  the  solution  whilst  hot ;  it  then  crystallises 
on  cooling  in  tufts  of  slender  needles.  Mannite  may  be  produced 
artificially  by  treating  a  solution  of  glucose  with  sodium-amalgam, 
the  glucose  then  taking  up  2  atoms  of  hydrogen : 

The  same  transformation  of  glucose  sometunes  takes  place  under  the 
action  of  certain  ferments. 

Mannite  crystallises  in  thin  four-sided  prisms,  easily  soluble  ui 
water  and  in  hot  alcohol,  insoluble  in  ether.  It  is  slightly  sweet, 
melts  at  166°,  has  no  action  on  polarised  light,  and  is  not  ferment- 
able, except  under  very  unusual  conditions. 

By  oxidation  in  contact  with  'platinum  black,  mannite  is  con- 
verted into  mannitic  acid,  GgRi^O.;,  and  mannitose,  CgHj^Of;, 
a  kind  of  sugar  isomeric  with  glucose.  By  oxidation  with  nitric 
acid  it  yields  saccharic  acid,  CgH^oOg,  and  ultimately  oxalic 
acid.  Mannitic  acid  and  saccharic  acid  are  related  to  mannite  in 
the  same  manner  as  glycollic  acid  and  oxalic  acid  to  glycol ;  the 
relation  between  the  three  compounds  is  shown  by  the  following 
formulcE  : 


CH.OH 

COOH 

COOH 

1 

CHOH 

1 

CHOH 

1 

CHOH 

inoH 

CHOH 

CHOH 

CHOH 

(Jhoh 

1 

CHOH 

1 

CHOH 

1 

CHOH 

CHOH 

1 

CH2OH 

CH2OH 

1 

€00H 

Mannite. 

Mannitic 
aoid. 

Ssccliaiic 
acid. 

By  fuming  nitric  acid,  or  more  easily  by  a  mixture  of  nitric 
and  sulphuric  acids,  mannite  is  coin-erted  into  nitromannite, 
CQHg(N02)oOc,  a  crystalline  body  which  explodes  violently  by  per- 
cussion or  when  suddenly  heated,  and  is  reconverted  into  mannite 
by  •  ammonium  sul})hide.  With  sulphuric  acid  mannite  forms 
sulphomannilic  acid,  CflHi40„.3S03. 

Mannite,  treated  with  hydriodic  acid,  is  converted  into  secondary 
hexyl  iodide,  or  hexene  hydriodide  (p.  154) : 

CoHi.Oo  +  llHI  =  C0H13I  -f-  6H2O  +  5I2. 


MANNITE  AND  DULCITE. 
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Mannite,  heated  with  organic  acids,  forms  compound  etliers,  after 
the  manlier  of  alcohols  in  general,  tire  elements  of  the  mannite  and 
the  acid  uniting  together,  with  elimination  of  one  or  more  mole- 
cules of  water.  The  resulting  compounds,  called  mannitanides, 
bear  a  considerable  resemldance  to  the  fats  ;  but  their  composition 
has  not  been  very  exactly  determined. 

These  ethers,  when  saponified  with  alkalis,  yield,  not  mannite, 
but  mannitan,  C^HjgO,,  a  compound  differing  from  mannite  by 
one  molecule  of  water.  The  same  compound  is  obtained  in  small 
quantity  by  heating  mamiite  to  200",  and  more  easily  by  prolonged 
boiling  of  mannite  mth  strong  hydrochloric  acid.  It  is  a  syrnjjy 
liquid,  which  volatilises  slowly  at  140°,  and  dissolves  easily  in  water 
and  in  cold  absolute  alcohol :  this  last  property  afl'ords  the  means 
of  separating  it  fi'om  mannite.  When  exjDosed  to  the  air,  it  slowly 
absorbs  water,  and  is  reconverted  into  mannite  ;  the  change  is 
accelerated  by  boiling  with  acids  or  wdth  alkalis. 

Mannite,  boiled  with  hityric  acid,  gives  up  two  molecules  of 
water,  and  is  converted  into  mannide,  CqHjqO^,  which  is  also  a 
syrupy  lic|uid,  but  differs  from  mannitan  in  being  much  more 
volatile,  evaporating  rapidly  at  140°,  and  in  being  c[uickly  recoir- 
verted  into  mannite  by  exposure  to  moist  aii*.  It  dissolves  easily  in 
water,  and  in  absolute  alcohol. 

The  two  anhydrides  of  mannite  may  be  represented  by  the  fol- 
lowing formulte  : 


Dulcite,  CgHj^Oj,  also  called  JDulcin,  Bulcose,  and  Melcompyrite. 
— This  sugar,  isomeric  with  mannite,  is  obtained  from  a  crystalline 
substance  of  unknown  origin,  imported  from  Madagascar  :  it  is 
extracted  therefrom  by  boiling  with  water,  and  crystallises  from  the 
filtered  solution.  Dulcite  is  likewise  obtained  from  Melampyrum 
nemorosnm,  by  mixing  the  aqueous  decoction  of  the  plant  with  lime, 
concentrating,  adding  hydrochloric  acid  in  slight  excess,  and  evapor- 
ating a  little :  it  then  separates  in  crystals  as  the  liquid  cools. 

Dulcite  is  a  sweet  substance  resembling  mannite  in  most  of  its 
properties,  but  differing  from  it  in  its  crystalline  form,  which  is  that 
of  a  monoclinic  prism,  whereas  the  crystals  of  mannite  are  trimetric; 
also  in  its  melting  point,  dulcite  melting  at  182°,  mannite  at  166°, 
and  by  yielding,  when  oxidised  with  nitrii;  acid,  not  saccharic  acid, 
but  niucic  acid,  which  is  isomeric  therewith.  Dulcite,  heated  with 
hydriodic  acid,  yields  a  secondaiy  hexyl  alcohol,  identical  with  that 
obtained  from  mannite.  Heated  with  organic  acids,  it  lorms  ethers 
called  dulcitanides,  analogous  to  the  mannitanides,  and  yielding 
by  saponilication,  not  dulcite,  but  dulcitan,  CyTijOr,,  which  may 
likewise  be  obtained  by  heating  dulcite,  or  by  boiling  it  with  hydro- 
chloric acid.    Hexacctodulcite,  CoH8(OCijH30)o,  melts  at  171°. 


Mannitan. 


Mannide. 
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IsocUilcite,  CqHi^Ob,  or  CgHiaOg.H^O,  a  saccharine  substance 
isomeric  with  mannite  and  dulcite,  is  produced  by  the  action  of 
dilute  acids  on  quercitrin,  a  yellow  substance  occurring  in  quercitron 
bark.  It  forms  large  transparent,  regularly  developed  crystals 
resembling  those  of  cane-sugar :  it  is  sweeter  than  grape-sugar,  not 
fermentable,  dissolves  in  2-09  parts  of  water  at  18°,  and  easily  in 
absolute  alcohol.  The  sohitions  turn  the  plane  of  polarisation  to 
the  right.  Isodulcite  melts,  with  loss  of  water,  between  105°  and 
110°,  is  coloured  yellow  or  brown  by  strong  sulphuric  acid  and 
caustic  alkalis,  and  reduces  cupric  oxide.  By  a  mixture  of  nitric 
and  sulphuric  acids,  it  is  converted  into  a  slightly  explosive  nitro- 
compound, CeHc|(N02)30g . 

Sorbite,  CoHi40„4-  l^HgO,  occurs  in  the  berries  of  the  mountain- 
ash  in  small  crystals,  easdy  soluble  in  water.  It  gives  off  its  water 
when  heated,  and  melts  at  110. 

Mannite,  dulcite,  and  sorbite  are  distinguished  from  the  true 
sugars  (glucoses  and  saccharoses)  by  not  fermenting  in  contact  ^^^th 
yeast,  and  by  not  reducing  an  alkaline  solution  of  cupric  oxide. 

Pinite  and  Guercite  are  naturally  occurring  saccharine  bodies, 
isomeric  with  mannitan  and  dulcitan. 

Pinite  is  contained  in  the  sap  of  a  Californian  pine  {Finns 
Lamhertiana),  and  is  deposited  fi-om  the  aqueous  extract  of  the 
hardened  juice,  in  hard  white  crystalline  nodules,  as_  sweet  as 
cane-sugar,  very  soluble  in  water,  nearly  insoluble  in  alcohol. 
It  turns  the  plane  of  -  polarisation  of  a  liuninous  ray  to 
the  right:   it  is  not  fermentable.     With  benzoic  acid  it  forms 

dibenzopinite,    CgHo  {  0  ,    and  tetrabenzopinite, 

i(OH), 

CgHg  I        jj       ;  and  similar  compounds  with  stearic  acid. 

Quercite  is  a  saccharine  substance  extracted  from  acorns,  by 
treating  the  aqueous  infusion  with  milk  of  lime  to  remove  tannic 
acid,  leaving  the  liquid  to  ferment  with  yeast  to  remove  ferment- 
able sugar,  evaporating  the  filtrate  to  a  syrup,  and  lea\-ing  it  to 
crystallise.  It  forms  hard  monoclinic  crystals,  which  grate  between 
the  teeth,  and  are  soluble  in  water  and  in  hot  dilute  alcohol. 
Heated  in  a  sealed  tube  with  benzoic  acid,  it  forms  dibeuzoquer- 
cite,  having  the  same  composition  as  dibenzopinite. 


CARBOHYDRATES. 

This  name,  as  already  observed,  is  given  a  class  of  compounds 
contaiiiino-  6*  or  12  atoms  of  carbon  united  with  hydrogen  and 
oxygen  iifthe  proportion  to  form  water.  They  may  be  regarded  as 
derivatives  of  the  hexatomic  alcohol,  CuHi  jOg,  and  are  divided  into 
the  three  following  groups : 


CARBOHYDBATES. 
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LTl/ittUoCOj 

JiiiiylosBSj 

{~i    TT  f\ 

^12^22^11- 

CoHxoOs. 

+  Grape-sugar* 

-f  Cane-sugar 

-f  Starch. 

or  Dextrose. 

or  Saccharose. 

+  Dextrin. 

—  Fruit-sugar 

+  Parasaccharose. 

+  Glycogen. 

or  Levulose. 

-f  Melitose. 

—  Inulin, 

Mannitose. 

+  Melezitose. 

Cellulose. 

+  Galactose. 

-f-  Trehalose. 

Tunicin. 

Inosite. 

-1- My  cose. 

Gum. 

Sorbin. 

Synanthrose. 

+  Eucalyu. 

-t-  Milk-sugar 

Dambose. 

or  Lactose. 

-f  Maltose. 

Most  of  these  compounds  occur  in  the  vegetable  organism ;  a  few 
also,  as  dextrose,  lactose,  glycogen,  and  inosite,  in  the  animal 
organism. 

Glucoses,  CgHjjOg. 

The  sugars  included  in  this  formula  may  be  regarded  as  alde- 
hydes of  the  saturated  alcohols,  CgHi^Og.  Ordinary  glucose  (grape- 
sugar)  is  converted  into  mannite  by  the  action  of  nascent  hyclrogen 
(p.  188),  and,  on  the  other  hand,  mannite,  when  slowly  oxidised  in 
contact  wdth  platinum  black,  is  partly  converted  into  mannitose. 
Nevertheless,  the  glucoses  still  exhibit  the  characteristic  property  of 
alcohols,  namely,  that  of  forming  ethers  by  combination  with  acids 
and  elimination  of  water.  The  formula  of  a  glucose  may  indeed 
be  derived  from  that  of  mannite  given  on  page  188,  by  removing 
two  hydrogen-atoms  from  one  ol  the  grouj^s,  CI120H,  the  other 
groups  remaining  as  before ;  the  glucoses  may  therefore  be  expected 
to  act  as  pentatomic  alcohols.  Bodies  thus  constituted  may  lie 
called  alcoholic  aldehydes. 

The  following  varieties  of  glucose  are  known : — 

1.  Ordinary  glucose,  produced  by  hydration  of  starch  under  the 
influence  of  dilute  acids  or  of  diastase,  and  existing  j-eady-formed, 
together  with  other  kinds  of  sugar,  in  honey  and  various  fruits, 
especially  in  grapes,  and  alone  in  diabetic  urine. 

2.  Levulose,  existing  in  cane-sugar  which  has  been  acted  upon  by 
acids,  and  ol)tained  pure  Ijy  the  action  of  dilute  acids  upon  a  variet'v 
of  starch  called  inulin. 

3.  Mannitose,  produced  by  oxidation  of  mannite. 

4.  Galactose,  formed  by  the  action  of  acids  on  milk-sugar. 

5.  Inosite,  existing  in  muscular  flesh. 

6.  Sorhin,  obtained  from  mountain-ash  berries. 

7.  Eucalyn,  existing,  together  with  another  kind  of  sugar,  in  the 
so-called  Australian  manna. 

*  The  +  .sign  iudicate.s  that  the  substance  turns  tlio  plane  of  i)olarisati(in 
w  tlie  right ;  the  -  sign  indicates  rotation  to  the  left. 
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8.  Damhose,  obtained  from  a  saccharine  substance  existing  in 
.A-frxctiiL  c3iO"utclioixc 

The  first  three  of  these  glucoses  exhibit  but  very  slight  diversity 
in  their  chemical  properties,  differing  chiefly  indeed  in  their  action 
on  polarised  light,  and  a  few  other  .physical  properties.  They  all 
yield  saccharic  acid  by  oxidation.  Galactose  differs  from  them  in 
yielding  mucic  acid  when  oxidised.  Inosite,  sorbin,  and  eucalyn 
exhibit  still  greater  differences  in  their  chemical  properties,  espe- 
cially in  not  being  fermentable,  except  under  very  peculiar  circum- 
stances, whereas  the  four  other  glucoses  undergo  vinous  fermen- 
tation when  placed,  under  certain  conditions,  in  contact  with 
yeast. 

All  the  glucoses,  except  inosite,  are  decomposed  by  boiling  with 
aqueous  alkalis  ;  this  property  distinguishes  them  from  mannite 
and  dulcite.  They  are  not  carbonised  by  strong  sulphuric  acid  at 
ordinary  temperatures.  When  boiled  mth  a  solution  of  potassio- 
cupric  tartrate,  they  throw  down  the  copper  in  the  form  of  red 
cuprous  oxide. 

1.  Ordinary  Glucose,  Dextro-glucose,  Dextrose,  CeH^oOg. 
—This  variety  of  sugar  is  very  abundantly  diffused  through  the 
vegetable  kingdom :  it  may  be  extracted  in  large  quantity  from  the 
juice  of  sweet  grapes  (whence  it  is  often  called  grape-sugar),  also  from 
honey,  of  which  it  forms  the  solid  crystalline  portion,  by  Avashmg 
with  cold  alcohol,  which  dissolves  the  fluid  sj^rup.  _  The_  appeamnce 
of  this  substance,  to  an  enormous  extent,  in  the  urine,  is  the  most 
characteristic  feature  of  the  disease  called  diabetes.  It  exists  in 
diabetic  urine  unmixed  with  any  other  kind  of  sugar,  and  is  easily 
obtained  by  concentrating  the  liquid  till  it  crystallises,  washing  the 
crystals  with  cold  alcohol,  dissolving  them  in  water,  and  re-crystal- 
lising. It  may  also  be  prepared  fi-om  starch  by  the  action  of  diastase, 
a  peculiar  ferment  existing  in  germinating  barley,  or  by  boiling  with 
dilute  sulphuric  acid.  In  these  reactions  the  starch  takes  up  the 
elements  of  water,  and  is  resolved  into  glucose  and  dextrin,  a  com- 
pound isomeric  with  starch  itself. 

starch.  Glucose.  Dextrin. 

Glucose,  when  required  in  considerable  quantity,  is  always  pre- 
pared from  starch.  Cellulose  is  lilvewise  converted  into  glucose  by 
the  action  of  acids.  Lastly,  glucose  is  produced  by  boiling  natuial 
glucosides  with  dilute  acids.  ,  n  •  • 

Glucose  is  much  less  sweet  than  cane-sugar,  and  less  soluble  m 
water  and  in  alcohol;  anhydrous  glucose  dissolves  in  1-224  parts  of 
water  at  15°.  From  its  aqueous  solution  it  separates  in  granular 
Av.'irty  masses,  consisting  of  a  liydrate,  CeHigOg.HgO,  which  leaves 
anhydrous  glucose  as  a  lused  transparent  mass  when  heated  to  100  , 
or  as  a  dry  wliite  powder  when  heated  to  55°  or  60°  in  a  stream  of 
dry  air.    The  alcoholic  solution  deposits  anhydrous  glucose  in 
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microscopic  needles  which  melt;  at  140°.  In  the  state  of  solution 
glucose  turns  the  plane  of  polarisation  of  a  ray  of  light  to  the  right 
(hence  the  names  dextroglucose  and  dextrose) :  its  specific  or  molecular 
rotatory  power  is  +56°,  and  does  not  vary  with  the  temperature 
(pp.  37,  38). 

Glucose  may  be  heated  to  120°  or  even  130°  without  alteration,  but 
at  170°  it  gives  off  water,  and  is  converted  into  glucosan,  CgHigOg, 
which,  when  freed  from  caramel  (p.  198)  by  means  of  charcoal,  and 
from  glucose  by  fermentation,  forms  a  colourless  mass,  scarcely  sweet 
to  the  taste,  and  having  somewhat  less  dextro-rotatory  power  than 
glucose.  At  higher  temperatures  "lucose  blackens  and  suffers  com- 
plete decomposition.  Glucose  boiled  for  some  time  with  dilute  sid- 
phuric  or  hydrochloric  acid,  is  converted  into  brown  substances 
called  ulmin,  ulmic  acid,  &c. — Strong  sulphuric  acid  converts  it  at 
ordinary  temperatures  into  sulpho-saccharic  acid,  CoHijOgSOg,  which 
forms  a  soluble  barium  salt. 

Lime,  baryta,  and  lead  oxide  dissolve  slowly  in  aqueous  solution  of 
glucose,  and  on  adding  alcohol  to  the  liquid,  compounds  of  these 
oxides  with  glucose  are  precipitated.  The  barium  compound  is 
said  to  contain  (CfiHi20o)2(BaO)3.2H20 ;  the  calcium  compound, 
(C6Hi206)2(CaO)3.2H20 ;  the  lead  compound,  (CBHi206)2(PbO)3(OH)a. 
These  compounds  are,  however,  very  unstable,  being  decomposed  at 
the  heat  of  boiling  water.  Glucose  also  combines  with  sodium 
chloride,  forming  the  compoimd  (C(.Hi20|5)2NaCl.H20. 

Glucose,  boiled  with  a  cupric  salt  in  presence  of  alkalis,  easily 
reduces  the  cupric  oxide  to  cuprous  oxide:  by  this  character  it  is 
easily  distinguished  from  cane-sugar. 

When  soliitions  of  cane-sugar  and  glucose  are  mixed  with  two 
separate  portions  of  solution  of  cupric  sulphate,  and  caustic  potash 
is  added  in  excess  to  each,  deep-blue  liquids  are  obtained,  which,  on 
being  heated,  exhibit  different  characters:  the  one  containing  cane- 
sugar  is  at  first  but  little  altered;  a  small  quantity  of  red  powder  falls 
after  a  time,  but  the  liquid  long  retains  its  blue  tint;  with  the 
gluco.se,  on  the  other  hand,  the  first  application  of  heat  throws  down 
a  copious  greenish  precipitate,  which  rapidly  changes  to  scarlet,  and 
eventually  to  dark-red  cuprous  oxide,  leaving  a  nearly  colourless 
solution.  If  only  small  quantities  of  material  are  available,  a 
mixture  of  cupric  sulphate  and  tartaric  acid,  to  which  an  excess  of 
potash  has  been  added,  may  be  used  with  advantage.  This  solution, 
called  potassio-cupric  tartrate,  is  an  excellent  test  for  distinguishing 
the  two  varieties  of  sugar,  or  discovering  an  admixtiu'e  of  glucose 
with  cane-sugar. 

Glucose  mixed  in  dilute  solution  with  yeast  and  exposed  to  a 
temperature  of  21°-26°  easily  undergoes  vinous  fermentation 
(p.  129).  ^ 

2.  Levrdose,  CpHijOB.— This  sugar,  distinguished  from  dextrose 
by  turning  the  plane  of  polarisation  to  the  left,  occurs,  together 
with  dextrose,  in  honey,  in  many  fruits,  and  in  other  saccharine 
FOWNEa. — \0U  II.  N 
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substances.  The  mixture  of  these  two  sugars  in  equivalent  quan- 
tities constitutes  fruit-sugar,  or  invert  sugar,  which  is  itself 
levorotatory,  because  the  specific  rotatory  power  of  levulose  is,  at 
ordinary  temperatures,  greater  than  that  of  dextrose. 

Cane-sugar  may  be  inverted,  that  is,  transformed  into  a  mixture 
of  equal  parts  of  dextrose  and  levulose,  by  warming  with  dilute 

C12H2A1  +  =  CoHioOe  +  CgHiPe- 

The  same  change  is  brought  about  by  contact  with  yeast,  or  with 
pectase,the  peculiar  ferment  of  fruits;  it  likewise  takes  place  slowly 
when  a  solution  of  cane-sugar  is  left  to  itself. 

To  separate  the  levulose,  the  invert  sugar  obtained  from  10  grams 
of  cane-sugar  is  mixed  with  6  grams  of  slaked  lime  and  100  grams 
of  water,  whereby  a  solid  calcium-compound  of  levulose  is  formed, 
while  the  whole  of  the  dextrose  remains  in  solution,  and  may  be 
separated  from  the  precipitate  by  pressure.  The  calcium  salt  of 
levulose,  suspended  in  water  and  decomposed  by  carbon  dioxide, 
yields  a  solution  of  pure  levulose,  which  may  be  filtered  and  con- 
centrated by  evaporation.  Levulose  may  be  at  once  obtained  in  the 
pure  state  by  the  action  of  dilute  acids  on  inulin. 

Levulose  is  a  colourless  uncrystallisable  syrup,  as  sweet  as  cane- 
sugar,  more  soluble  in  alcohol  than  dextrose.  Its  rotatory  power 
is  much  greater  than  that  of  dextrose  at  ordinary  temperatures, 
but  diminishes  as  the  temperature  rises.  For  the  transition^tint 
between  the  blue  and  the  purple,  [«]  =  -  106°  at  14°;  =  -  79-5° 
at  52°;  =  -  53°  at  90°.  Now,  the  rotatory  power  of  dextrose  is 
the  same  at  all  temperatures,  and  equal  to  +  56°;  consequently 
that  of  invert  sugar,  which  is  -  25°  at  15°,  dimmishes  by  about  one- 
half  at  52°,  becomes  nothing  at  90°,  and  changes  sign  above  that  tem- 
perature. 

Levulose  exhibits,  for  the  most  part,  the  same  chemical  reactions 
as  dextrose,  but  is  more  easily  altered  by  heat  or  by  acids,  and  011 
the  contrary  ofliers  greater  resistance  to  the  action  of  alkalis  or  of 
ferments. 

Levulosan,  CoH^oO^,  the  oxygen-ether  or  auhydi-ide  of  le\^ilose, 
is  produced,  together  with  dextrose,  by  melting  cane-sugar  for  some 
time  at  160° : 

^12^22011  =  ^G-^ioOs  +  CgH^o^e* 

The  dextrose  may  be  removed  from  the  liquid  by  fermentation, 
and  the  levulosan,  which  is  unferraeiitable,  may  be  obtained  by  eva- 
poration as  an  uncrystallisable  syrup.  By  boiling  with  water  or 
dilute  acids,  it  is  converted  into  a  fermentable  levorotatory  sugar, 
probably  levulose. 

3.  Mannitose,  CeHioOe.— This  is  the  sugar  produced,  together 
with  mannitic  acid,  l)y  the  oxidation  of  niannite  m  contact  vnta. 
platinum  black.    It  may  be  separated  by  saturating  the  liquid  witli 
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lime,  precipitating  the  calcium  mannitate  with  alcohol,  evaporatincr 
the  filtrate  to  a  syrup,  adding  alcohol,  again  filtering,  and  evapora° 
ting  to  dryness. 

Mannitose  is  syrupy,  uncrystallisable,  fermentable,  inactive  to 
polarised  light,  and  resembles  the  other  glucoses  in  its  chemical 
reaction. 

_  4.  Galactose,  CgHijOg,  is  produced  by  boiling  milk-sugar  with 
dilute  acids.  It  is  soluble  in  water,  sparingly  soluble  in  cold  alco- 
hol, crystallises  more  readily  than  ordinary  glucose ;  has  a  dextro- 
rotatory power  of  83-3°;  and  is  very  easily  fermentable.  It  resembles 
dextrose  in  most  of  its  reactions,  but  is  distinguished  from  ajl  the 
four  glucoses  above  described  by  yielding  mucic  instead  of  saccharic 
acid,  when  oxidised  by  nitric  acid. 

5.  Inosite,  or  Phaseomarmite,  CgHigOe,  is  a  variety  of  glucose 
occurring  in  the  muscular  substance  of  the  heart  and  other  organs 
of  the  animal  body ;  also  in  green  kidney  beanis,  the  unripe  fruit 
of  Phaseolus  vulgaris,  and  in  many  other  plants.  It  forms  pris- 
matic crystals,  resembling  gypsum,  soluble  in  water,  but  insoluble 
in  alcohol  and  ether.  It  may  be  boiled  with  a  strong  aqueous  potash 
or  baryta  without  alteration  or  coloration.  If  this  sugar  be  evapor- 
ated with  nitric  acid  nearly  to  dryness,  the  residue  mixed  with  a 
little  ammonia  and  calcium  chloride,  and  again  evaporated,  a  beau- 
tiful and  characteristic  rose  tint  is  produced. 

Inosite  does  not  ferment  with  yeast,  but  in  contact  with  cheese, 
flesh,  or  decaying  membrane  and  chalk,  it  undergoes  lactous  fer- 
mentation, producing  lactic,  butyric,  and  carbonic  acids. 

6.  Sorbin,  CgHi„0„,  is  a  crystallisable  sugar  existing  in  the  juice 
of  ripe  mouiitam-ash  berries  (Sorhus  aucuparia).  The  juice,  when 
allowed  to  stand  for  some  time  in  open  vessels,  deposits  a  brown 
crystalline  matter,  which  may  be  obtained  in  transparent  colomiess 
crystals  belonging  to  the  trimetric  system.  This  substance  is  almost 
insoluble  m  alcohol,  but  easily  soJuble  in  water,  to  which  it  imparts 
an  exceedingly  sweet  taste.  A  sohition  of  sorbin,  mixed  with 
ammonia  and  lead  acetate,  yields  a  white  flocculent  precipitate,  con- 
taining Ci2Hi8Pb30,2.Pl>Og.  With  sodium  chloride  it  forms  a  com- 
pound which  crystallises  in  cubes. 

Sorbin  is  converted  hy  nitric  acid  into  tartaric,  racemic,  and  apo- 
sorbic  acids.  It  does  not  ferment  with  yeast,  but  in  contact  with 
cheese  and  chalk,  at  40°,  it  undergoes  lactous  fermentation,  yielding  a 
laige  quantity  of  lactic  acid,  together  with  alcohol  and  butyric  acid. 

7.  Eucalyn,  C^H^^Og,  is  an  unfermentablo  sugar,  separated  in  the 
termentation  of  melitose  (the  sugar  of  tiie  Eucali/ptntt  of  Tasmania), 
111  consequence  of  the  destruction  of  a  fermentable  kind  of  sugar, 
Which,  in  combination  witli  eucalyn,  constitutes  melitose : 

Ci2H220,i    +    H,0    =    2CO2    +    2C^H,0    +  C„Hi.,On 

Alcohol.  Euoilyn. 
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On  evaporating  the  liquid,  the  eucalyn  remains  as  an  uncrystal- 
lisable  syrup,  having  a  specific  rotatory  power  of  +  165°  nearly.  It 
is  not  rendered  fermentable  by  the  action  of  sulphuric  acid. 

8.  Dambose,  CcHjjOo,  obtained  by  heating  dambonite  with 
hydriodic  acid,  crystallises  in  six-sided  prisms,  melting  at  212°. 

Dambonite,  its  methylic  ether,  CeHip(CH3)20B,  occurs  in  a  peculiar 
kind  of  caoutchouc  from  the  Gaboon  in  West  Africa,  from  which  it 
may  be  extracted  by  alcohol.  It  crystallises  from  alcohol  in  six- 
sided  prisms,  dissolves  easily  in  water,  melts  at  190°,  and  sublimes 
at  200°-210°  in  slender  shining  needles. 

Glucosides. — "When  ordinary  glucose  is  heated  to  100°-120° 
for  fifty  or  sixty  hours  with  acetic,  butyric,  stearic,  benzoic,  and 
other  organic  acids,  the  two  unite,  with  elimination  of  water,  and 
compound  ethers  called  glucosides  are  formed,  analogous  to  the 
mannitanides.  A  number  of  these  artificial  glucosides  have  been 
prepared  by  Berthelot,  who  regards  them  as  derivatives  of  glucosan, 
CfiHioOg,  because  when  heated  with  alkalis  they  yield  glucosan,  not 
glucose.  Thus,  there  is  a  glucoso-butyric  ether  to  which  Berthelot 
assigns  the  formula  CaH8(C4HjO)206,  and  an  acetic  ether,  M-hich  he 
regards  as  hexaceto-glucosan,  CoH^(C2H30)605 ;  but  they  are  merely 
oily  liquids,  which  are  very  difficult  to  obtain  pure,  and  therefore 
their  analyses  are  not  much  to  be  depended  on. 

A  considerable  number  of  bodies  of  similar  constitution  exist 
ready  formed  in  plants,  many  of  them  constituting  the  bitter  prin- 
ciples of  the  vegetable  kingdom.  None  of  these  natural  glucosides 
have  been  produced  artificially,  but  they  are  all  resolved  by  boiling 
with  dilute  acids  into  glucose  and  some  other  compound.  The  most 
important  of  them  vdll  be  described  in  a  future  chapter. 


POLYGLUCOSIC  ALCOHOLS. 
The  compounds  of  this  group,  including  cane-sugar  and  other 
bodies  more  or  less  resembling  it,  may  be  regarded  as  formed  by  the 
combination  of  two  or  more  molecules  of  glucose,  with  elimination 
of  a  number  of  molecules  of  water,  less  by  one  than  the  number  of 
glucose  molecules  which  enter  in  the  combination : 

2CbHi206  -  HgO         =  CioHjoO^i,  Diglucosic  alcohol. 

3CeHi206  -  2H2O        =  C18H32O1B,  Triglucosic  alcohol. 

nCaS.^2^a  ~  ('i-l)H20=  C6iiHiou+206n+i  • 
The  only  known  alcohols  of  this  class  are  diglucosic  alcohols, 
C12H22O11 ;  but  starch,  cellulose,  and  other  plant-constituents,  appear 
to  be  the  oxygen-ethers,  or  anhydi-ides,  of  polyglucosic  alcohols  of 
higher  orders. 

Cane-sugar  or  Saccharose,  ClaHjoOii.— This  most  useful 
substance  is  found  in  the  juice  of  many  of  the  grasses,  in  the  sap  of 
several  forest  trees,  in  the  root  of  the  beet  and  the  mallow,  and  m 
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several  other  plants.  Most  sweet  fruits  contain  cane-sugar,  together 
with  invert  sugar  (p.  194);  some,  as  walnuts,  hazel-nuts,  almonds, 
coffee-beans,  and  St.  John's-hread  (the  fruit  of  Geratonia  siliqua), 
contain  only  cane-sugar.  Honey  and  the  nectars  of  flowers  contain 
cane-sugar  together  with  invert  sugar ;  the  sugar  in  the  nectary  of 
cactuses  is  almost  wholly  cane-sugar. 

Sugar  is  extracted  most  easily  and  in  greatest  abundance  from  the 
sugar-cane  {Saccharum  officinarum),  cultivated  for  the  purpose  in 
many  tropical  countries.  The  canes  are  crushed  between  rollers, 
and  the  expressed  juice  is  suffered  to  flow  into  a  large  vessel,  where 
it  is  slowly  heated  nearly  to  its  boiling  point.  A  small  quantity  of 
slaked  lime  mixed  with  water  is  then  added,  which  occasions  the 
separation  of  a  coagulum  consisting  chiefly  of  earthy  phosphates, 
waxy  matter,  a  peculiar  albuminous  principle,  and  mechanical  im- 
purities. The  clear  liquid  separated  from  the  coagulum  is  rapidly 
evaporated  in  open  pans,  heated  by  a  strong  fire  made  with  the 
crushed  canes  of  the  preceding  year-,  which  have  been  dried  in  the 
sun,  and  preserved  for  the  purpose.  When  sufficiently  concentrated, 
the  syrup  is  transferred  to  a  shallow  vessel,  and  left  to  crystallise, 
during  which  time  it  is  freqiiently  agitated  in  order  to  hasten  the 
change  and  hinder  the  formation  of  large  crystals.  It  is  lastly 
drained  from  the  dark  uncrystallisable  syrup,  or  molasses,  and  sent 
into  commerce,  under  the  name  of  raw  or  Muscovado  sugar.  The 
refining  of  this  crude  product  is  effected  by  redissolving  it  in 
water,  adding  a  quantity  of  albumin  in  the  shape  of  serum  of  blood 
or  white  of  egg,  and  sometimes  a  little  lime-water,  and  heating  the 
whole  to  the  boiling  point :  the  albumin  coagulates,  and  forms  a 
kind  of  network,  of  fibres,  which  enclose  and  separate  from  the 
liquid  all  mechanically  suspended  impurities.  The  solution  is 
decolorised  by  filtration  through  animal  charcoal,  evaporated  to  the 
crystallising  point,  and  put  into  conical  earthen  moulds,  where  it 
solidifies,  after  some  time,  to  a  confusedly  crystalline  mass,  which 
is  drained,  washed  with  a  little  clean  syrup,  and  dried  in  a  stove : 
the  product  is  ordinary  loaf-sugar.  When  the  crystallisation  is 
allowed  to  take  place  quietly  and  slowly,  sugar-candy  results,  the 
crystals  under  these  circumstances  acquiring  large  volume  and  regu- 
lar form.  The  evaporation  of  the  decolorised  syrup  is  best  con- 
ducted in  strong  close  boilers  exhausted  of  air :  the  boiling  point  of 
the  syrup  is  reduced  in  consequence  from  11 0°  C.  (230°  F.)  to  65  5°  C. 
(150°  F.),  or  below,  and  the  injurious  action  of  the  heat  upon  the 
sugar  is  in  great  measure  prevented.  Indeed,  the  production  of 
molasses  in  the  rude  colonial  manufacture  is  chiefly  the  result  of 
the  high  and  long-continued  heat  applied  to  the  cane-juice,  and 
might  be  almost  entirely  prevented  by  the  use  of  vacuum-pans,  the 
product  of  sugar  bein^  thereby  greatly  increased  in  quantity,  and 
80  far  improved  in  quality  as  to  become  almost  equal  to  the  refined 
article. 

In  many  parts  of  the  continent  of  Europe,  sugar  is  manufactured 
on  a  large  scale  from  beet-root,  which  contains  about  8  per  cent  of- 
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that  substance.  The  process  is  far  more  complicated  and  trouble- 
some than  that  just  described,  and  the  raw  product  much  mferior. 
When  refined,  however,  it  is  scarcely  to  be  cfistinguished  from  the 
preceding.  In  the  Western  States  of  America  sugar  is  prepared 
in  considerable  quantity  from  the  sap  of  the  sugar  maple 
{Acer  saccharinum),  which  is  common  in  those  parts.  The  tree  is 
tapped  in  the  spring  by  boring  a  hole  a  little  way  into  the  wood, 
and  inserting  a  small  spout  to  convey  the  liquid  into  a  vessel  placed 
for  its  reception.  This  is  boiled  down  in  an  iron  pot,  and  furnishes 
a  coarse  sugar,  which  is  almost  wholly  employed  for  domestic  pur- 
poses, but  little  finding  its  way  into  commerce. 

Pure  sugar  slowly  separates  from  a  strong  solution  in  large,  trans- 
parent, colourless  crystals,  having  the  figure  of  a  modified  mono- 
clinic  prism.  The  crystals  have  a  specific  gravity  of  TG,  and  are 
tmchangeable  in  the  air.  Sugar  has  a  pure,  Sweet  taste,  is  very 
soluble  in  water,  requiring  for  solution  only  one-third  of  its  weight 
in  the  cold,  and  is  also  dissolved  by  alcohol,  but  less  easily.  When 
moderately  heated  it  melts,  and  solidifies  on  coohng  to  a  glassy 
amorphous  mass,  familiar  as  barley-sugar. 

Cane-sugar,  heated  a  little  above  160°,  is  converted,  without  loss 
of  weight,  into  a  mixture  of  dextrose  and  levolusan  (p.  194): 

At  a  higher  temperature,  water  is  given  ofi',  the  dextrose  being 
probably  converted  into  glucosan  (p.  193):  afterwards,  at  about  210°, 
more  water  goes  off,  and  a  brown  substance  called  caramel  remains, 
consisting  of  a  mixture  of  several  compoimds,  aU  formed  from  sugar 
by  elimination  of  water.  At  a  still  higher  temperature,  an  inflam- 
mable gaseous  mixture  is  given  off,  consisting  of  carbon  monoxide, 
marsh  gas,  and  carbon  dioxide ;  a  distillate  is  obtained,  consisting 
of  brown  oils,  acetic  acid,  acetone,  and  aldehyde ;  and  a  considerable 
quantity  of  charcoal  remains  behind.  The  brown  oils  contain  a  small 
quantity  of  furfurol,  and  a  bitter  substance  called  assamar. 

By  prolonged  boiling  with  ivater,  cane-sugar  is  converted  into 
invert  sugar.  This  transformation  is  accelerated  by  the  presence 
of  acids,  and  apparently  also  of  certain  salts.  Different  acids  act 
with  various  degrees  of  rapidity — mineral  more  quickly  than  organic 
acids,  sulphuric  acid  most  quickly  of  all.  By  prolonged  boiling 
even  with  very  dilute  acids,  sugar  is  decomposed,  yielding  a  number 
of  brown  amphorous  products  called  ulmin,  ulmic  acid,*  &c.; 

*  Under  the  names  ulmin  and  tdmic  acid  have  heen  confounded  a  number 
of  brown  or  black  nncrystallisable  substances  produced  by  the  action  of 
powerful  chemical  agents  upon  sugar,  lignin,  &c.,  or  generated  by  the  putre- 
factive decay  of  vegetable  fibre.  Common  garden  mould,  for  example,  treated 
with  dilute,  boiling  solution  of  caustic  potash,  yields  a  deep-brown  solution, 
from  which  acids  precipitate  a  flocculent,  brown  substance,  having  but  a 
slight  degree  of  solubility  in  water.  This  is  generally  called  tdmic  or  humic 
acid  and  its  origin  is  ascribed  to  the  reaction  of  the  alkali  on  the  idmin  or 
/limits  of  the  soil.  These  bodies  differ  exceedingly  in  composition,  and  are 
too  indefinite  to  admit  of  ready  investigation. 
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if  the  air  has  access  to  the  liquid,  formic  acid  is  likewise  produced. 
Concentrated  hydrochloric  acid  decomposes  sugar  very  quickly. 

Strong  sidphuric  acid  decomposes  diy  sugar  when  heated,  and  a 
concentrated  solution,  even  at  ordinary  temperatiu-es,  with  copious 
evolution  of  sulphurous  oxide,  and  formation  of  a  large  quantity  of 
hlack  carbonaceous  matter.  I3y  this  reaction  cane-sugar  may  be 
distinguished  from  glucose. 

Cane-sugar  is  very  easily  oxidised.  It  reduces  silver  and  mer- 
citry  salts  when  heated  with  them,  and  precipitates  gold  fi-om  the 
chloride.  Piu'e  cupric  hydrate  is  but  slowly  reduced  by  it,  even 
at  the  boiling  heat  ;  in  presence  of  alkali,  however,  a  blue  solution 
is  formed,  and  on  boiling  the  liquid,  cuprous  oxide  is  slowly  pre- 
cipitated (p.  193).  Cane-sugar  takes  fire  when  triturated  with  8 
parts  of  lead  dioxide,  and  forms  with  potassium  chlorate  a  mixture 
which  detonates  on  percussion,  and  burns  vividly  when  a  drop  of 
oil  of  vitriol  is  let  fall  upon  it.  Distilled  with  a  mixture  of 
sulphuric  acid  and  manganese  dioxide,  it  yields  formic  acid. 
Heated  with  dilute  nitric  acid,  it  yields  saccharic  and  oxalic 
acids.  1  part  sugar  mixed  with  3  parts  nitric  acid,  of  specific 
gravity  1'25  to  1'30,  and  heated  to  50°,  is  wholly  converted  into 
saccharic  acid : 


At  the  boiling  heat,  the  product  consists  chiefly  of  oxaKc  acid. 
Very  strong  nitric  acid,  or  a  mixture  of  strong  nitric  and  sid- 
phuric acids,  converts  sugar  into  nitrosaccharose,  probably 
^'i2Hi8(N02)40ii.  Sugar  is  likewise  oxidised  by  chloride  of  Ume, 
but  the  products  have  not  been  examined. 

Cane-sugar  does  not  turn  brown  when  tritiirated  with  alkalis,  a 
character  by  which  it  is  distinguished  from  glucose  :  it  combines 
with  them,  however,  forming  compounds  called  sucrates.  By 
boilinw  with  potash-ley  it  is  decomposed,  but  much  more  slowly 
than  the  glucoses. 

Potassium-  and  Soduim-compounds  of  cane-sugar,  CijHjiKOu  and 
Cj2H2iNaOi,,  are  formed,  as  gelatinous  precipitates,  on  mixing  an 
alcoholic  solution  of  cane-sugar  with  potash  or  soda-ley. 

A  bariuTn^compound,  C]2H2oBaOu  .  HgO,  or  Cj2H220jj .  BaO,  is 
obtained,  as  a  crystalline  precipitate,  on  adding  hydrate  or  sulphide 
of  barium  to  an  aqueous  solution  of  sugar.  It  may  be  crystallised 
from  boiling  water,  but  is  insoluble  in  alcohol. 

Calcium  compounds. — Lime  dissolves  in  sugar-water  niuch  more 
rapidly  than  in  pure  water.  The  solution  has  a  bitter  taste,  and  is 
completely  but  slowly  precipitated  by  carbonic  acid.  There  are 
three  or  'four  of  these  compounds,  which  may  be  approximately 
represented  by  the  following  formulai : 


C,,-H.,fi,,  -1-  Oe  -  2G,Il,,0,  +  H^O. 


1.  C12H22O11 .  CaO. 

2.  2Ci2H2,Ou .  3CaO  (?) 


3.  C,2n220ii .  2CaO  .  2H2O. 

4.  Ci2H2.Ou.3CaO. 
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Magnesia  and  lead  oxide  are  also  dissolved  by  sugar-water.  A 
crystalline  lead-compound,  Ci^HigPbaOn,  is  precipitated  on  mixing 
sugar-water  vnth  neutral  lead-acetate  and  ammonia. 

Sugar  also  form  crystalline  compounds  with  sodium  chloride. 

Cane-sugar  is  not  directly  fermentable,  but  when  its  dilute 
aqueous  solution  is  mixed  with  yeast,  and  exposed  to  a  warm 
atmosphere,  it  is  first  resolved  into  a  mixture  of  dextrose  and 
levidose,  which  then  enter  into  fermentation,  yielding  alcohol  and 
carbon  dioxide. 

Parasaccharose,  C12H22O11. — This  is  an  isomeride  of  cane-sugar, 
produced,  according  to  Joc&n,*  by  spontaneous  fermentation.  An 
aqueous  solution  of  cane-sugar  containing  ammonium  phosphate, 
left  to  itself  for  three  months  in  summer,  yielded,  under  circum- 
stances not  further  specified,  a  crystalline  sugar,  isomeric  with 
saccharose,  together  with  an  amorphous  sugar  having  the  com- 
position of  a  glucose,  both  dextro-rotatory.  Parasaccharose  is  very 
soluble  in  water,  nearly  insoluble  in  alcohol  of  90  per  cent.  Its 
specific  rotatory  power  at  10°  =  -M08°,  appearing  to  increase 
a  little  with  rise  of  temperature.  It  does  not  melt  at  100°,  but 
becomes  coloured,  and  appears  to  decompose.  It  reduces  an 
alkaline  cupric  solution,  but  only  haK  as  strongly  as  dextro-glucose. 
It  is  not  perceptibly  altered  by  dilute  sulphuric  acid,  even  at  100°  ; 
hydrochloric  acid  weakens  its  rotatory  power,  tums_  the  solution 
brown,  and  heightens  its  reducing  power  for  cupric  oxide. 

Melitose,  CiaHgaOu.— A  kind  of  sugar  obtained  from  the  manna 
which  falls  in  opaque  drops  from  various  species  of  Eucalyptus 
growing  in  Tasmania.  It  is  extracted  by  water,  and  crystallises 
in  extremely  thin  interlaced  needles,  having  a  slightly  saccharine 
taste. 

The  crystals  of  melitose  are  hydrated,  containing  C^2S.22^n-^^2^' 
They  give  off  2  molecules  of  water  at  100°,  and  become  anhydrous 
at  130°.  They  dissolve  in  9  parts  of  cold  water,  very  easily  in 
boiling  water,  and  dissolve  also  in  boiling  alcohol  more  freely  than 
mannite.  The  alcoholic  solution  yields  small  but  well-developed 
crystals.  The  aqueous  solution  turns  the  plane  of  polarisation  to 
the  right :  for  the  transition  tint  [cc]  =  -t- 102°. 

Melitose,  heated  with  dilute  sulphuric  acid,  is  resolved  into  a  fer- 
mentable sugar  (probably  dextrose),  and  non-fermentable  eucalyn 
(p.  195).  Melitose  ferments  in  contact  with  yeast,  but  is  resolved, 
in  the  first  instance,  into  glucose  and  eucalyn.  It  does  not  reduce 
an  alkaline  cupric  solution,  and  is  not  altered  by  boiling  with 
dilute  alkalis  or  with  baryta- water.  It  is  oxidised  by  nitric  acid, 
yielding  a  certain  quantity  of  mucic  acid,  together  with  a  large 
quantity  of  Oxalic  acid. 

Melezitose,  C,2H220ii. — This  variety  of  sugar  is  found  in  the 
so-called  maima  of"  Briangon,  which  exudes  from  the  young  shoots 

*  Comptes  Rendus,  liii.  1252  ;  liv.  720. 
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of  the  larch  (Larix  europmaJ).  The  manna  is  exhausted  with  alcohol, 
■which,  when  evaporated,  yields  melezitose  in  very  small,  hard, 
shining,  efflorescent  crystals,  which  give  olf  4  per  cent,  of  water 
when  heated,  and  melt  below  140°  without  further  alteration, 
forming  a  liquid  which  solidifies  to  a  glass  on  cooling.  Melezitose 
is  dextro-rotatory;  [«]= -|-94'1°.  It  dissolves  easily  in  water,  is 
nearly  insoluble  in  cold,  slightly  soluble  in  boiling  alcohol. 

Melezitose  decomposes  at  about  200°.  It  is  carbonised  by  cold 
strong  sulphuric  acid,  quickly  turns  brown  with  boiling  hydi'o- 
chloric  acid,  and  forms  oxalic  acid  with  nitric  acid.  By  an  hour's 
boiling  with  dilute  sulphuric  acid,  it  is  converted  into  glucose. 
In  contact  with  yeast,  it  passes  slowly,  or  sometimes  not  at  all,  into 
vinous  fermentation.  It  is  not  altered  at  100°  by  aqueous  alkalis, 
and  scarcely  by  potassio-cupric  tartrate. 

Trehalose,  Cj2H220jj.2H20,  is  obtained  from  Trehala  manna, 
the  produce  of  a  species  of  Echinops  growing  in  the  East,  by  ex- 
traction with  boiling  alcohol.  It  forms  shining  rhombic  crystals, 
containing  Cj2H220jj.2H20,  which  melt  when  quickly  heated  to 
109° ;  but  if  slowly  heated  give  olf  their  water  even  below  100°. 
It  has  a  strongly  saccharine  taste,  dissolves  easily  in  water  and  in 
boiling  alcohol,  but  is  insoluble  in  ether.  The  aqueous  solution 
is  dextro-rotatory  ;[«]=+ 199°. 

By  several  hours'  boiling  with  dilute  sulphuric  acid,  it  is  con- 
verted into  dextrose.  With  strong  nitric  acid  it  forms  a  detonating 
nitro-compomid  ;  heated  with  dilute  nitric  acid  it  yields  oxalic 
acid.  In  contact  with  yeast  it  passes  slowly  and  imperfectly  into 
alcholic  fermentation.  It  is  not  altered  by  boiUng  with  alkalis, 
and  does  not  reduce  cuprous  oxide  from  alkaline  cupric  solutions. 
Heated  with  acetic  or  butyric  acid,  it  yields  compounds  not  dis- 
tiaguishable  from  those  which  are  formed  in  like  manner  fi'om 
dextrose  (p.  196). 

Mycose,  C12H22O11.2H2O,  is  a  kind  of  sugar,  very  much  like 
trehalose,  olatained  from  ergot  of  rye  by  precipitating  the  aqueous 
extract  of  the  fungus  with  basic  lead  acetate,  removing  the  lead 
from  the  filtrate  by  sulphydric  acid,  evaporating  to  a  syrup,  and 
leaving  the  liquid  to  crystallise.  It  differs  from  trehalose  only  in 
possessing  a  somewhat  feebler  rotatory  power  ;  [«]  =  -F 192-6°,  and 
m  not  being  completely  dehydrated  at  100°. 

Synanthrose,  CVHjaOji,  occurs  in  the  tubers  of  Dahlia  varia- 
bilis, of  the  Jerusalem  artichoke  (Helianthus  tuhcrosus),  and  other 
plants  of  the  composite  or  synanthraceous  order.  It  is  a  light 
amorphous  powder,  very  deliquescent,  not  sweet,  and  without  action 
on  polarised  light.  It  is  resolved  by  dilute  acids  or  by  jeast  into 
dextrose  and  levulose,  and  yields  saccharic  acid  by  oxidation. 

Milk-sugar,  Lactin,  or  Lactose,  Ci2H220ii-H20. — This  kind 
of  sugar  is  an  important  constituent  of  milk  :  it  is  obtained  in  large 
quantities  by  evaporating  loliey  to  a  syrupy  state,  and  purifying  the 
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lactose,  whicli  slowly  crystallises  out,  with  animal  charcoal.  It 
forms  white,  translucent,  four-sided,  trimetric  prLsms,  of  great 
hardness.  It  is  slow  and  diificult  of  solution  in  cold  water,  requir- 
ing for  that  purpose  five  or  six  times  its  weight.  Its  specific 
rotatory  power  in  aqueous  solution  is  [«]=  -l-58'3°.  It  has  a  faint, 
sweet  taste,  and  in  the  solid  state  feels  gritty  between  the  teeth. 
When  heated,  it  loses  water,  and  at  a  high  temperature  blackens 
and  decomposes.  Milk-sugar  combines  with  bases,  forming  com- 
pounds which  have  an  alkaline  reaction,  and  are  easily  decomposed. 
Dilute  acids  convert  it  into  galactose  (p.  195). 

Milk-sugar,  when  distilled  with  oxidising  mixtures,  such  as 
sulphuric  acid  and  manganese  dioxide,  yields  formic  acid.  With 
nitric  acid,  it  forms  mucic,  saccharic,  tartaric,  and  a  small  quan- 
tity of  racemic  acid,  and  finally  oxalic  acid.  Very  strong  nitric  acid, 
or  a  mixture  of  nitric  and  sulphuric  acids,  converts  milk-sugar  into 
a  crystalline  substitution-product  called  nitrolactin. 

Milk-sugar  is  not  brought  immediately  by  yeast  into  the  state  of 
alcoholic  fermentation ;  but  when  it  is  left  for  sometime  iu  con- 
tact with  yeast,  fermentation  gradually  sets  ia.  When  cheese  or 
gluten  is  used  as  the  ferment,  the  milk-sugar  is  converted  into 
lactic  acid.  Alcohol  is,  however,  always  formed  at  the  same  time, 
especially  if  no  chalk  is  added  to  neutralise  the  acid  as  it  forms  ; 
the  quantity  of  alcohol  formed  is  greater  also  as  the  solution  is 
more  dilute. 

Maltose. — This  is  a  sugar  isomeric  with  lactose,  produced  by 
the  action  of  malt-extract  on  starch.  It  is  less  soluble  in  alcohol 
than  dextrose,  has  a  reducing  power  about  two-tliirds  as  great  as 
that  of  dextrose,  and  a  specific  rotatory  power  of  -|-  56°.  By  the 
prolonged  action  of  acids  it  is  converted  into  dextrose. 


OXYGEN-ETHERS    OR   ANHYDRIDES    OF   THE  POLY- 
GLUCOSIC    ALCOHOLS  —  AMYLOSES. 

These  compounds,  which  are  important  constituents  of  the  vege- 
table organism,  may  be  derived  from  glucose  and  the  poly-glucosic 
alcohols  by  abstraction  of  a  molecule  of  water  : 

C,-R,,0,    -    H,0    =  C,R,,0„ 

Glucose. 

Diglucosic 
alcohol. 

-  =  Ci8H3oOi5,or3C(,HioO„ 

Triglucosic 
ulcohoL 


CfinHlOn+aOgn+l  -  =     CcnHlOiiOsn,  Or  IiCoR^qO^  . 


STARCH. 


203 


All  these  bodies  are  therefore  isomeric  or  polymeric  one  with  the 
other.  Their  compounds  with  metallic  oxides,  &c.,  have  not  been 
sufficiently  investigated  to  fix  their  exact  molecular  weight,  or  to 
determine  in  each  case  the  value  of  71;  but  from  the  mode  of 
conversion  of  starch  into  glucose,  and  the  constitution  of  certain 
substitution-products  obtained  by  the  action  of  nitric  acid  on 
cellulose,  it  appears  most  probable  that  in  these  bodies  n  =  3. 

Starch,  ^iCgHjQOg,  probably  CigHgoOu,  also  called  Femla  and 
Amiclin.— This  is  one  of  the  most  important  and  widely  diffused 
of  the  vegetable  proximate  principles,  being  found  to  a  greater  or 
less  extent  in  every  plant.  It  is  most  abundant  in  certain  roots 
and  tubers,  and  in  soft  stems  :  seeds  often  contain  it  in  large 
quantity.  From  these  sources  the  starch  can  be  obtained  by  rasp- 
ing or  grinding  the  vegetable  structures  to  pul}],  and  washing  the 
mass  upon  a  sieve,  by  which  the  torn  cellular  tissue  is  retained, 
while  the  starch  passes  through  with  the  liquid,  and  eventually 
settles  down  fi'om  the  latter,  as  a  soft,  white,  insoluble  powder, 
which  may  be  washed  with  cold  water,  and  dried  at  a  very  gentle 
heat.  Potatoes  treated  in  this  manner  yield  a  large  proportion  of 
starch.  Starch  from  grain  may  be  prepared  in  the  same  manner, 
by  mixing  the  meal  with  water  to  a  paste,  and  wasliing  the  mass 
upon  a  sieve :  a  nearly  white,  insoluble  substance  called  gluten  is 
then  left,  containing  a  large  proportion  of  nitrogen.  The  gluten 
of  wheat-flour  is  extremely  tenacious  and  elastic.  The  value  of 
meal  as  an  article  of  food  greatly  depends  upon  this  substance. 
Starch  from  grain  is  commonly  manu- 
factured on  the  large  scale  by  steeping 
the  material  in  water  for  a  considerable 
time,  when  the  lactic  acid,  always  de- 
veloped under  such  circumstances  from 
the  sugar  of  the  seed,  disintegrates,  and 
in  part  dissolves  the  azotised  matter, 
thereby  greatly  facilitating  the  mechanical 
separation  of  that  which  remains.  A  still 
more  easy  and  successful  process  has 
lately  been  introduced,  in  which  a  very 
dilute  solution  of  caustic  soda,  containing 
about  200  grains  of  alkali  to  a  gallon  of 
liquid,  is  employed  with  the  same  view. 
Excellent  starch  is  tlius  prepared  from 
rice.  Starch  is  insoluble  in  cold  water,  as 
indeed  its  mode  of  preparation  sufficiently 
shows  ;  it  is  equally  insoluble  in  alcohol  and  other  liquids,  which 
do  not  effect  its  decomposition.  To  the  naked  eye  it  presents  the 
appearance  of  a  soft,  white,  and  often  glistening  ])owder  :  under  the 
microscope  it  is  seen  to  be  altogether  destitute  of  crystalline  struc- 
ture, but  to  possess,  on  the  contrary,  a  kind  of  orgninisatimi,  bemg 
made  up  of  multitudes  of  little  rounded  transparent  bodies,  upoa 


Fig.  15. 
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each  of  whicli  a  series  of  depressed  parallel  rings,  surrounding  a 
central  spot  or  hilum,  may  often  be  traced.  The  starch-granules 
from  different  plants  vary  both  in  magnitude  and  form :  those  from, 
the  Canna  coccinea,  or  tous  les  mois,  and  potato  being  the  largest ; 
and  those  from  wheat,  and  the  cereals  in  general,  very  much 
smaller.  Figure  15  represents  granules  of  potato-starch,  highly 
magnified. 

When  a  mixture  of  starch  and  water  is  heated  to  near  the  boiling- 
point  of  the  latter,  the  granules  burst  and  disappear,  producing,  if 
the  proportion  of  starch  is  considerable,  a  thick  gelatinous  mass, 
very  slightly  opalescent,  from  the  shreds  of  fine  membrane,  the 
envelope  of  each  separate  granule.  By  the  addition  of  a  large 
quantity  of  water,  this  gelatinous  starch,  or  amidin,  may  be  so  far 
diluted  as  to  pass  in  great  measure  through  filter-paper.  It  is  very 
doubtful,  however,  how  far  the  substance  itself  is  really  soluble  in 
water,  at  least  when  cold  ;  it  is  more  likely  to  be  merely  suspended 
in  the  liquid  in  the  form  of  a  swollen,  transparent,  and  insoluble 
jelly,  of  extreme  tenuity.  Gelatinous  starch,  exposed  in  a  thin 
layer  to  a  dry  atmosphere,  becomes  converted  into  a  yellowish, 
horny  substance,  like  gum,  which,  when  put  into  water,  again 
softens  and  swells. 

Thin  gelatinous  starch  is  precipitated  by  many  of  the  metallic 
oxides,  as  lime,  baryta,  and  lead  oxide ;  also  by  a  large  addition  of 
alcohol.  Infusion  of  galls  throws  down  a  coj^ious  yellowish  precipitate 
containing  tannic  acid,  which  re-dissolves  when  the  solution  is 
heated.  By  far  the  most  characteristic  reaction,  however,  is  that 
with  free  iodine,  which  forms  with  starch  a  deep  indigo-blue  com- 
pound, which  appears  to  dissolve  in  pure  water,  although  it  is 
insoluble  in  solutions  containing  free  acid  or  saline  matter.  The 
colour  of  the  blue  liquid  is  destroyed  by  heat,  temporarily  if  the  heat 
be  quickly  withdrawn,  and  permanently  if  the  boiling  be  long  con- 
tinued, ill  which  case  the  compound  is  decomposed,  and  the  iodine 
volatilised.  Dry  starch,  put  into  iodine- water,  acquires  a  pui'plish- 
black  colour. 

The  unaltered  and  gelatinous  starch,  when  dry,  have  the  same 
empirical  formula,  CgHjoOf, .  A  compound  of  starch  and  lead 
oxide  was  fomid  to  contain,  when  dried  at  100°  CgHjQOg.PbO,  or 
CigHaoOis.SPbO. 

Starch  is  an  important  article  of  food,  especially  when  asso- 
ciated, as  in  ordinary  meal,  Math  albuminous  substances.  Arrow- 
root, and  the  fecula  of  the  Canna  coccinea,  are  very  pure  varieties, 
employed  as  articles  of  diet ;  arrowroot  is  obtained  from  the 
Maranta  arundinacea,  cultivated  in  the  West  Indies ;  it  is  with 
diSiculty  distinguished  from  potato-starch. — Tapioca  is  prepared 
from  the  root  of  the  Jatropha  Manihot,  being  thoroughly  purified 
from  its  poisonous  juice. — Cassava  is  the  same  substance  modified 
while  moist  by  heat. — Sof/o  is  made  from  the  soft  central  portion 
of  the  stem  of  a  palm  ;  and  Salep  from  the  fleshy  root  of  the  Orchis 
mascida. 
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Starch  prom  Iceland  Moss. — The  lichen  called  Ceiraria 
Islandica,  pimfied  by  a  little  cold  solution  of  potash  from  a  bitter 

{)rinciple,  yields,  when  boiled  in  water,  a  slimy  and  nearly  colour- 
ess  liquid,  which  gelatinises  on  cooling,  and  dries  up  to  a  yellow- 
ish amorphous  mass,  which  does  not  dissolve  in  cold  water,  but 
merely  softens  and  swells.  A  solution  of  this  substance  in  warm 
water  is  not  affected  by  iodine,  although  ^ae  jelly  is  turned  blue. 
It  is  precipitated  by  alcohol,  lead  acetate,  and  infusion  of  galls,  and 
is  converted  into  glucose  by  boiling  with  dilute  sulphmic  acid. 
According  to  Mulder,  it  contains  CgHjoOg.  The  jelly  from  certain 
algce,  as  that  of  Ceylon,  and  the  so-called  Carragheen  moss,  closely 
resembles  the  above. 

Inulin. — This  substance  which  differs  from  common  starch  in 
some  important  particulars,  is  found  in  the  root  of  Inula  Helenium, 
Helianthus  tuherosus,  Dahlia,  and  several  other  plants  :  it  may  be 
easily  obtained  by  washing  the  rasped  root  on  a  sieve,  and  allow- 
ing the  inulin  to  settle  down  from  the  liquid  ;  or  by  cutting  the 
root  into  thin  slices,  boiling  these  in  water,  and  filtering  while  hot ; 
the  inulin  separates  as  the  solution  cools.  It  is  a  wliite,  amor- 
phous, tasteless  substance,  nearly  insoluble  in  cold  water,  but  freely 
dissolved  by  the  aid  of  heat ;  the  solution  is  precipitated  by  alcohol, 
but  not  by  acetate  of  lead  or  infusion  of  galls.  Iodine  colours  it 
brown.  Inulin  has  the  same  percentage  composition  as  common 
starch.  By  boiling  with  dilute  acids,  it  is  completely  converted 
into  levulose  (p.  193). 

Glycogen,  wCgHmOg,  was  obtained  by  Bernard  fi'om  the  liver 
of  several  animals  (calf  or  pig)  by  exhaustion  with  water  and  jjre- 
cipitating  with  boiling  alcohol.  I'he  precipitate  is  purified  by 
boiling  with  dilute  potash,  repeatedly  dissolving  in  strong  acetic 
acid,  and  precipitating  by  alcohol.  Glycogen  also  enters  largely 
into  the  composition  of  most  of  the  tissues  of  the  embryo.  The 
muscles  of  fcetal  calves  of  three  to  seven  months  have  been  found 
to  yield  from  20  to  50  per  cent,  of  it. 

Glycogen  is  a  white,  amorphous,  starch-like  substance,  without 
odour  or  taste,  yielding  an  opalescent  solution  with  water,  but  in- 
soluble in  alcohol.  It  does  not  reduce  an  alkaline  solution  of  copper. 
This  substance  does  not  ferment  with  yeast,  but  is  converted  into 
glucose  by  boiling  with  dilute  acids,  or  by  contact  with  diastase, 
pancreatic  juice,  saliva,  or  blood. 

Dextrin,  CgHjnO^. — When  gelatinous  starch  is  boiled  with  a 
amall  quantity  of  dilute  sulphuric,  hydrochloric,  or,  indeed,  almost 
any  acid,  it  speedily  loses  its  consistency,  and  liecoines  thin  and 
limpid,  from  having  suffered  conversion  into  a  Holulile  gum-like  sub- 
stance, called  dextrin,  on  account  of  its  dextro-rotatwry  action  on 
polarised  light.  The  experiment  is  most  conveniently  made  with 
sulphuric  acid,  which  may  be  afterwards  withdrawn  by  saturation 
with  chalk.  The  liquid  filtered  from  tlie  nearly  insoluble  gypsum 
may  then  be  evaporated  to  dryness  on  a  water-bath.    The  result  is 
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a  gum-like  mass,  destitute  of  crystalline  structure,  soluble  in  cold 
water,  precipitable  from  its  solution  by  alcohol,  and  capable  of  com- 
bining witli  lead  oxide. 

When  the  boiling  with  the  dilute  acid  is  continued  for  a  con- 
siderable time,  the  dextrin  fii-st  formed  undergoes  a  further  change, 
and  becomes  converted  into  dextro-glucose,  which  can  be  thus  ai'ti- 
ficially  produced  with  the  gi-eatest  facility.  The  length  of  time 
required  for  this  change  depends  upon  the  quantity  of  acid  present ; 
if  the  latter  be  very  small,  it  is  necessary  to  continue  the  boiling 
many  successive  hours,  replacing  the  water  which  evaporates.  With 
a  larger  proportion  of  acid,  the  conversion  is  much  more  speedy.  A 
mixture  of  15  parts  of  potato-starch,  60  parts  water,  and  6  parts 
sulphmic  acid,  may  be  kept  boUing  for  about  four  hours,  the 
liquid  neutralised  with  chalk,  filtered,  and  rapidly  evaporated 
to  a  small  bulk.  By  digestion  with  animal  charcoal  and  a  second 
filtration,  much  of  the  colour  vsdll  be  removed,  after  which  the 
solution  may  be  boiled  down  to  a  thin  syrup,  and  left  to 
crystallise  :  in  the  course  of  a  few  days  it  solidifies  to  a  mass  of 
glucose. 

There  is  another  method  of  preparing  this  substance  from  starch 
which  deserves  particular  notice.  Germinating  seeds,  and  buds  in 
the  act  of  development,  are  found  to  contain  a  small  quantity  of  a 
peculiar  azotized  substance,  called  diastase,  formed  at  this  parti- 
cular period  fi'om  the  gluten  of  vegetable  albuminous  matter.  This 
substance  likewise  converts  starch  into  dextrin  and  glucose,  and  at 
a  temperature  much  below  the  boiling  point.  When  a  little  infusion 
of  malt,  or  germinated  barley,  in  tepid  water,  is  mixed  with  a  large 
quantity  of  thick  gelatinous  starch,  and  the  whole  kept  at  about  71°, 
complete  liquefaction  takes  place  in  the  space  of  a  few  minutes, 
from  the  production  of  dextrin  and  glucose.  If  a  greater  degree  of 
heat  be  employed,  the  diastase  is  coagulated  and  rendered  insoluble 
and  mactive.  Very  little  is  knowTi  respecting  diastase  itself;  it 
seems  very  much  to  resemble  vegetable  albumin,  but  has  never  been 
obtained  in  a  state  of  puiity. 

The  change  of  starch  or  dextrin  into  sugar,  whether  produced  by 
the  action  of  dilute  acids  or  by  diastase,  takes  place  quite  inde- 
pendently of  the  oxygen  of  the  ah-,  and  is  unaccompanied  by  any 
secondary  product.  The  acid  takes  no  direct  part  in  the  reaction ; 
it  may,  if  not  volatile,  be  all  -^^dthdra^^^l  without  loss  after  the 
experiment.  The  whole  reaction  lies  between  the  starch  and  the 
elements  of  water,  a  fixation  of  the  latter  occurring  in  the  new  pro- 
duct, as  will  be  seen  on  comparing  the  composition  of  starch  and 
glucose.  Dextrin  itself  has  exactly  the  same  composition  as  the 
original  starch. 

It  was  formerly  supposed  that,  in  the  action  of  acids  [or  of  diastase] 
upon  starch,  the  starch  is  first  converted  into  dextrin  by  a  mere 
alteration  of  plivsical  structure,  and  that  the  dextrin  then  takes  up 
the  elements  of  water,  and  is  converted  in  glucose,  this  second  stage 
of  the  process  occupying  a  much  longer  time  than  the  fii-st ;  but 
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from  the  experiments  of  Miisciilus*  it  appears  that  when  the  con- 
version is  effected  by  a  dilute  acid,  both  dextrin  and  gkicose  are 
produced  at  the  very  commencement  of  the  reaction,  and  always 
in  the  proportion  of  1  molecule  of  glucose  to  2  molecules  of  dextrin  : 
•whence  it  may  be  inferred  that  the  molecule  of  starch  contains 
"C^gHgoOjj,  and  that  it  is  resolved  iato  glucose  and  dextrin  by  taking 
•up  a  molecule  of  water  : 

CisHsoOis    +    HgO    =    CgHigOg    +  20^11,^^0^ 

starch.  Glucose.  Dextrin, 

and  that  the  dextrin,  after  several  hours'  boiling,  is  completely  con- 
verted into  glucose,  which  is  therefore  the  sole  vQtimate  product  of 
the  reaction.  When  malt  extract  is  used  as  the  converting'agent 
the  starch  is  first  resolved  into  dextrin  and  maltose  (p.  202),  in 
varior^s  proportions  according  to  the  temperature  and  other  condi- 
tions of  the  reaction  ;  and  the  dextrin  is  afterwards  very  gradually 
converted  into  maltose.t 

Dextrin  is  used  in  the  arts  as  a  substitute  for  gum  ;  it  is  some- 
times made  in  the  manner  above  described,  out  more  frequently 
by  heating  dry  potato-starch  to  400°,  by  which  it  acquires  a  yellow- 
ish tint  and  becomes  soluble  in  cold  water.  It  is  sold  in  this  state 
under  the  name  of  British  Gktm, 

Cellulose,  wCgHj^Oj,  probably  C^gHooOjg ;  also  called  iigrmn. 
— This  substance  constitutes  the  fundamental  material  of  the 
structure  of  plants  :  it  is  employed  iu  the  organisation  of  cells  and 
vessels  of  all  kinds,  and  forms  a  large  proportion  of  the  solid 
parts  of  every  vegetable.  It  must  not  be  confounded  -with  ligneous 
or  woody  tissue,  which  is  in  reality  cellulose  with  other  substances 
superadded,  encrusting  the  walls  of  the  original  membranous  cells, 
and  conferring  stiffness  and  inflexibility.  Pure  cellulose,  on  the 
other  hand,  has  the  same  percentage  composition  as  starch ;  but 
woody  tissue,  even  when  freed  as  much  as  possible  fi'om  colour- 
ing matter  and  resin  by  repeated  boiling  with  water  and  alochol, 
yields,  on  analysis,  a  result  indicating  an  excess  of  hydrogen  above 
that  required  to  form  water  with  tlie  oxygen,  besides  traces  of 
nitrogen. 

_  The  properties  of  cellulose  may  be  conveniently  studied  in  fine 
linen  and  cotton,  which  are  almost  entirely  composed  of  it,  the 
associated  vegetable  j)rinciples  having  been  removed  or  destroyed 
by  the  variety  of  treatment  to  wliich  the  fibre  has  been  sulijected. 
Pure  cellulose  is  tasteless,  insoluble  in  water  and  alcoliol,  and 
absolutely  innutritions  :  it  is  not  sensibly  affected  by  boUing  water, 
unless  it  happens  to  have  been  derived  from  a  soft  or  imperfectly 
developed  portion  of  the  plant,  in  wliich  case  it  is  disintegrated 
and  rendered  pulpy.    Dilute  acids  and  alkalis  exert  but  little  action 

*  Comptes.  Rendus,  1.  785  ;  liv.  194  ;  Ann.  Cli.  Phys.  [3],  Ix.  208  ;  [4], 
V.  177. 

t  O'Sullivan,  Chem.  Soc.  J.  187G,  ii.  125. 
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on  celluloee,  even  at  a  boiling  temperature  ;  strong  oil  of  vitriol 
converts  it,  in  the  cold,  into  a  nearly  colourless,  adhesive  substance, 
which  dissolves  in  water,  and  presents  the  characters  of  dextrm. 
This  transformation  may  be  conveniently  effected  by  very  slowly 
adding  concentrated  sulphuric  acid  to  half  its  weight  of  lint,  or 
Unen  cut  into  small  shreds,  taking  care  to  avoid  any  rise  ot  tem- 
perature, which  would  be  attended  with  charrmg  or  blackening. 
The  mixing  is  completed  by  trituration  in  a  mortar,  and  the  whole 
left  to  stand  a  few  hours  ;  after  which  it  is  rubbed  up  with  water, 
warmed,  and  fdtered  from  a  Httle  insoluble  matter.  The  solution 
may  then  be  neutralised  with  chalk,  and  again  filtered.  ihe 
gummy  liquid  retains  lime,  partly  in  the  state  of  sulphate,  and 
partly  in  combination  with  sulpholignic  acid,  an  acid  composed  ot 
the  elements  of  sulphuric  acid  in  union  with  those  of  cellulose. 
If  the  liquid,  previous  to  neutralisation,  be  boQed  during  three  or 
four  hours,  and  the  water  replaced  as  it  evaporates,  the  dextrm 
becomes  entirely  changed  into  glucose.  Linen  rags  may,  by  these 
means,  be  made  to  furnish  more  than  their  own  weight  of  that 
substance. 

If  a  piece  of  unsized  paper  be  dipped  for  a  few  seconds  into  a 
mixture  of  2  volumes  of  concentrated  sulphuric  acid  and  1  volume 
of  vater,  and  then  thoroughly  washed  with  water  and  dilute 
ammonia,  a  substance  is  obtained  which  resembles  parchment, 
and  has  the  same  composition  as  ceUulose  ;  it  occurs  m  commerce 
under  the  name  of  parchment  paper  (papyrm).  An  excellent 
application  of  tliis  substance  in  diffusion  experiments  is  mentioned 
in  vol.  i.  p.  146. 

Cellulose  dissolves  in  an  ammoniacal  solution  of  cupric  oxide 
(prepared  by  dissolving  basic  cupric  carbonate  in  strong  ammonia), 
from  which  it  is  precipitated  by  acids  in  colourless  flakes. 

Cellulose  is  not  coloured  by  iodine. 

Xtloiqin  and  Pyroxylin.— When  starch  is  mixed  with  nitric 
acid  of  specific  gravity  1-5,  it  is  converted,  without  disengagement 
of  gas,  into  a  transparent,  colourless  jelly,  which,  when  put  mto 
water,  yields  a  white,  curdy,  insoluble  substance  :  this  is  xyloidm. 
When  dry,  it  is  white  and  tasteless,  insoluble  even  in  boiling 
water  but  freely  dissolved  by  dilute  nitric  acid,  and  the  solution 
yields'  oxalic  acid  when  boiled.  Other  substances  belonging  to  the 
same  class  also  yield  xyloidin ;  paper  dipped  into  the  strongest 
nitric  acid,  quickly  plunged  into  water,  and  afterwards  dried, 
becomes  in  great  part  so  changed  :  it  assumes  the  appearance  ot 
parchment,  and  becomes  highly  combustible. 

If  pure  finely  divided  cellulose,  such  as  cotton-wool,  be  steeped 
for  a  few  minutes  into  a  mixture  of  nitric  acid  of  sp.  gr.  1"5  and 
concentrated  sulphuric  acid,  then  squeezed,  thoroughly  washed, 
and  dried  by  very  gentle  heat,  it  will  be  found  to  have  increased  m 
weicht  about  70  per  cent.,  and  to  have  become  highly  explosive, 
Taking  fire  at  a  temperature  not  much  above  149°  C.  (300°  F.),  and 
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burning  without  _  smoke  or  residue.  This  is  iJj/jmj/Zm,  the  gun- 
cotton  of  Schoubeiu. 

Xyloidiu  and  pyroxylin  are  substitution-products  consisting  of 
starch  and  cellulose  in  which  the  hydrogen  is  more  or  less 
replaced  by  nitryl,  ISTOa.  Xyloidin  consists  of  CgHj,(N02)0,;,  or 
918^27(^02)3015.  Of  pyroxylin  several  varieties  are  known,'  dis- 
tiQguished  by  their  different  degrees  of  stability  and  solubility  in 
alcohol,  ether,  and  other  liquids,  According  to  Hadow,*  the  three 
principal  varieties  are  : — 

06.— Ci8H2i(N02),jOi5,  or  CgHj(N02)305,  insoluble  in  a  mixture  of 
ether  and  alcohol,  but  soluble  in  ethyiic  acetate.  It  is  produced  by 
repeated  immersion  of  cotton-wool  in  a  mixture  of  2  molecules  of 
nitric  acid,  HNO3,  2  molecides  of  oil  of  vitrol,  H2SO4,  and  3  mole- 
cules of  water. 

/3.— CigHo2(N02)80i5,  soluble  in  ether-alcohol,  insoluble  in  glacial 
acetic  acid.  Produced  when  the  acid  mixture  contains  half  a  mole- 
cide  more  water  than  in  ce. 

y.—C,3H23(N 02)5.015  (Gladstone's  cotton-xyloidin),  soluble  iu  ether 
and  in  glacial  acetic  acid.  Produced  when  the  acid  mixtiu'e  con- 
tains one  molecule  more  water  than  in  u.. 

The  first  of  these,  which  consists  of  trinitrocelMose,  is  the  most 
explosive  of  the  three,  and  the  least  liable  to  spontaneous  decom- 
position. It  is  the  only  one  adapted  for  use  as  an  explosive  agent, 
and  is  especially  distinguished  as  "  gun-cotton."  From  the  experi- 
ments of  General  von  Lenk,  of  the  Austrian  service,  it  appears  that, 
to  insure  the  uniform  production  of  this  particular  compound  the 
following  precautions  are  necessary  : — 

1.  The  cleansing  and  perfect  desiccation  of  the  cotton  previously 
to  its  immersion  in  the  mixed  acids.  2.  The  employment  of  the 
strongest  acids  procurable  in  commerce.  3.  The  ste'epiag  of  the 
cotton  in  a  fresh  strong  mixture  of  acids  after  the  first  immersion 
and  partial  conversion  into  gun-cotton.  4.  The  continuance  of  the 
steepmg  for  forty-eight  hours.  5.  The  thorough  purification  of  the 
gun-cotton  thus  produced  from  every  trace  of  free  acid,  by  washing 
the  product  in  a  stream  of  water  for  several  weeks  ;  subsequently  a 
weak  solution  of  potash  may  be  used,  but  this  is  not  essential. 

The  solution  of  the  less  highly  nitrated  compounds  in  alcohol 
and  ether  is  called  collodion.  This  solution,  when  left  to  evapo- 
rate, dries  up  quickly  to  a  thin,  transparent,  adhesive  membrane : 
It  IS  employed  with  great  advantage  in  surgery  as  an  air-tight  cover- 
ing ior  wounds  and  burns.  It  is  also  largely  used  in  photography 
V-  87). 

,^^^cin,  CV,H,o05,  is  a  substance  closely  resembling  vegetable 
cellulose,  and  perhaps  identical  therewith,  occurring  in  the  mantle 
ot  Ascidians  {Cynthia,  Fallusia,  dhc),  from  which  it  may  be  sepa- 

*  C'liem.  Soc.  Journal,  vii.  201.— A  series  of  elnhorate  and  valuable  re- 
Nearches  on  gun-cotton  has  been  published  by  A  bo  1  (I'roccod.  Royal  Soc.)  xv 
lo-i;  Chem.  80c.  Jour.  [2],  XV.  310.  j  1  . 
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rated  hj  boiling  the  mantles,  first  with  hydrochloric  and  then  with 
strong  potash-solution,  and  washing  with  water.  When  treated 
with  strong  sulphnric  acid,  it  deliquesces  to  a  colourless  liquid, 
which,  after  boiling  with  water,  is  found  to  contain  a  glucose. 

Gum.— GW-am6ic,  which  is  the  produce  of  several  species  of 
acacia  growing  in  Egypt  and  Arabia,  may  be  taken  as  the  tj^pe  ot 
this  class  of  bodies.  When  pure,  it  forms  white  or  slightly  yellow- 
ish irregular  masses,  which  are  destitute  of  crystaUme  structure 
and  break  with  a  smooth  conchoidal  fracture.  It  is  soluble  in  cold 
water,  forming  a  viscid,  adhesive,  tasteless  solution.  It  consists  ot 
the  potassium  and  calcium  salts  of  arabin  or  arabic  acid  which 
may  be  precipitated  from  the  aqueous  solution  by  addition  ol 
hydrochloric  acid  and  alcohol,  as  a  white  amorphous  mass  Arabm, 
when  dried  at  100°,  has  the  composition  CgHioUj+^MaU 


or 

lO 


2C«HinO,4-H„0,  and  is  therefore  isomeric  with  cane-sugar  ;  at  l&U 
it  gives  off  all  its  water,  leaving  a  residue  having  the  composition 

*^'Gum-arabic  contains  70-4  per  cent,  arabin  and  17-6  water,  the  re- 
maining 12  per  cent,  consisting  of  metallic  salts,  silica,  iron  oxide,  &c. 
Its  aqueous  solution  turns  the  plane  of  polarisation  to  the  lett,  and 
gives  precipitates  with  basic  lead  acetate,  copper  salts,  &c.  Arabin 
IS  oxidised  by  nitric  acid  to  mucic  and  saccharic  acids.  Heated  witn 
dilute  sulphuric  acid,  it  is  converted  into  a  non-fermentable 
glucose  called  arabinose,  which  crystallises  m  rhombic  needles, 
and  exhibits  strong  dextro-rotation.  ^        •  •  • 

Gvm  Senegal,  obtained  from  a  species  of  acacia  growing  m 
Senegal,  is  very  much  like  gum-arabic,  but  usually  occurs  m  larger 
lumps.  It  contains  SM  per  cent,  arabin,  r6  water,  and  2  or  6 
per  cent,  of  saline  matters.  It  forms  a  somewhat  stronger  mucilage 
than  gum-arabic,  and  is  much  used  in  calico-prmtmg  lor  thickening 
colours  and  mordants.  n  • 

Mucilage,  abundant  in  linseed,  in  the  roots  of  the  maUow,  m 
salep,  the  fleshy  root  of  Orchis  mascida,  and  in  other  plants,  diilers 
in  some  respects  from  gum-arabic,  although  it  agrees  m  the  pro- 
perty of  dissolving  in  cold  water.  The  solution  is  less  transparent 
than  that  of  gum,  and  is  precipitated  by  neutral  lead  acetate.  Gum- 
traqacanth,  from  Astragalm  verus,  a  tree  grow^ig  m  Arnieiua  and 
the  north  of  Persia,  is  chiefly  composed  of  a  kind  of  mucilage  called 
lassonn;  it  does  not  dissolve  in  water,  but  merely  softens  and 
assumes  a  gelatinous  aspect.  It  is  dissolved  by  caustic  alkali. 
Cerasin  is  the  insoluble  portion  of  the  gum  of  the  cherry-tree ; 
it  resembles  bassorin.  The  composition  of  these  various  substances 
agrees  closely  with  that  of  starch.  Mucilage  treated  with  acids 
yields  dextrose. 
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These  are  compounds  which  may  be  derived  from  hydrocarbons 
by  substitution  of  the  univalent  radicle  amidogen,  NHj,  for  an 
equivalent  quantity  of  hydrogen,  or  from  the  alcohols  by  similar 
substitution  of  NHg  for  OH:  they  are  called  monamines, 
diamines,  tria mines,  &c.,  according  to  the  number  of  amidogen 
groups  thus  introduced  :  thus  from  ethane  and  the  corresponding 
alcohols  are  derived  the  following  monamine  and  diamine : 


CH3                  CH3  CH3 

CH3                   CH^CNH^)  CH^COH) 

Ethane.                     Aitiidethane  or  Ethyl  alcohol. 
Ethylamine. 

CH3                 CH2.NH2  CHo.OH 

I                      I  I 

CH3                 CH2.NH2  CH2.OH 

Ethane.                   Diamidethane  or  Ethene-alcohol. 
Ethene-diamine. 


The  amines  are  basic  compounds,  capable  of  imiting  with  acids 
and  forming  salts  which  bear  a  close  resemblance  to  the  salts  of 
ammonia ;  the  amines  themselves  in  the  free  state  are  also  very 
much  like  ammonia,  being  volatile  bodies  having  a  more  or  less 
ammoniacal  odour  and  alkaline  reaction.  They  may,  in  fact,  be 
regarded  as  derivatives  of  ammonia,  formed  by  substitution  of 
alcohol-radicles,  univalent  or  multivalent,  for  an  equivalent  quan- 
tity of  hydrogen,  in  a  single,  double,  or  triple  molecule  of  ammonia, 
NH3,  N^He,  N3H9,  &c.,  e.g. : 


Ethylamine, 

CH, 
1 

CH2.NH2 

.C2H5 

Ethene-diamine, 

CH2.NH2 
CH2.NH2 

Diethene-triamine, 

C2H3(NH2)2 

C2H,.NH2 

N3< 

(C2H,) 

MONAMINES. 


TSrw  XT  ^^^^  .are  derived  from  a  single  molecule  of  ammonia, 
^Hs-  Now  this  molecule  may  give  up  one,  two,  or  all  three  of  its 
ayorogen-atoms  in  exchange  for  univalent  alcohol-radicles,— methyl 
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Jadicl^B  rimL"  Trme/W  suLkituting  thexn  for  hydrogen  xn 
ammonia  will  be  represented  by  the  general  formulse : 

nSh  nSb 


Primary. 


Secondary.  Tertiary. 


In  the  secondary  and  tertiary  amines  the  alcohol-radicles  denoted 
in  ^l^l^^'^^^^y^^  either  the  same  or  different ;  for  example : 

Secondary  •  '^^'']^  


N(gi:       Njga       nSSI  N{g| 


Ih  (h  ICH3  iC.Hu 

,  ,  HT  Trimethvl-  Dimethyl-  Methyl-ethyl- 

"2ln7^-      ethffi^e.  '  ^thylamine.  amylamlne. 

The  salts  of  these  amines  are  analogous  in  composition  to  the 
aininm  sdts,  and,  like  the  latter  may  be  -.-^jled  eat^^^^^^^ 
onmnotinds  of  ammonia-molecules  with  acids,  or  of  ammonium 
nSXs  witl  halogen  elements  and  acid  radicles  analagous  thereto 

(see  p.  25) ;  thus :  ,  •       -ui    •  j 

j^H3  -1-   HCl  =  NH,.C1,  Ammonium  chloride. 

NH^'StH,)  +   HCl  =  NH3(C,H,).C1,  Ethylammonium  chloride. 

JhTc  A).  +   HCl  =  NH,(C,H,),C1,  Diethylammonium  chlo- 

S(cSr'  +   HCl  =  NH(C,H,)3.C1,  Triethylammonium  chlo- 

mS^B^s  +  H,SO,=  [NH(C,H,)3],S0„  Triethylammonium  sul- 

Triethylamine.  .  "  , 

AH  these  salts  when  heated  ^nth  potash,  give  off  the  amme,  just 

^^S^nlLTsi™^^^     the  chlorides,  &c..,  of  alcohol- 
ivipfin  the  same  manner  as  with  acids :  thus  triethylamme, 
S?C  H  )   unts  dLectly  with  ethyl  iodide,  C,HJ,  fo^'^--g,f.;,X 
S  which  may  be  regarded  either  as. 

w  ^  O  H  I  or  as  tetrethylammonium  iodide,  N(C2H6)4i.  -iNow 
?iod  de  when  heated  with  potash,  does  not  give  off 
nlnti  e  ammonia-base  ;  but  when  heated  with  silver  oxide  and 
a  7^at  le  ammonic      ^  ^^^y  jodi^e  for  hydroxyl,  into  a 

n  kXe  ba  e,  called  tetrethylainmonimn  hydroxide,  which 
strongly  alkaline  Das  ^tate,  and  exhibits  reactions  closely 

TaCLfrtiiisroJ-  the  fixed  caustic  alkalis.    Its  formation  is 
repres'ented  by  the  equation : 
.  N(C,H,),I  +  KOH  =  KI  +  N(C,H^,(OH). 
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Moreover,  this  base  can  exchange  its  hyclroxyl  for  chlorine,  bromine 
and  other  acid  radicles,  just  like  potash  or  sodxi,  formino-  solid  crys- 
taliisable  salts  like  the  iodide  above  mentioned.  These°compounds 
containing  four  equivalents  of  alcohol-radicle,  are,  in  fact,  analocrous 
m  every  respect  to  ammonium-salts,  excepting  that  the  correspond- 
ing hydroxides  are  capable  of  existing  in  the  solid  state,  whereas 
ammomum  hycboxide,  NH^(OH),  splits  up,  as  soon  as  formed,  into 
ammonia  and  water.  The  radicles  NCC^H^),,  &c.,  corresponding 
with  ammomum,  are  not  known  in  the  free  state. 

■  The  monamines  containing  more  than  one  carbon-atom  are  sus- 
ceptible ot  isomeric  modifications  similar  to  those  of  the  alcohols 
and  dependmg  on  the  number  of  alcohol-radicles  in  the  molecule ' 
Ir^^/rfTT^y^''"^'"'^'  ^^^HaCC^H^),  is  isomeric  with  dimethylamine! 
JiH(CH3)2 ;  propylamine,  KH2(C3H^),  is  isomeric  with  methyl- 
ethylamme,  NH(CH3)(C2H5),  and  with  trimethylamine,  N(Ch1 
&c.,  &c  ,  the  number  of  possible  modifications  of  course  increasin'' 
with  the  complexity  of  the  molecules.  Moreover,  a  monamine'' 
either  primary  secondary,  or  tertiary,  may  admit  of  modification  ii^ 
toe  alcohol-radicle  itself ;  thus  the  primary  monamiiie,  NH„rC  H  ) 
may  exhibit  the  two  following  modifications  •  ^ 

(H  Ih 

Propylamine.  Isopiopylamine. 
General  Modes  of  Formation.— I.  By  heating  the  iodides  or  bro- 
mides of  the  alcohol-radicles  to  100°  in  sealed  tubes  with  alcohoUc 
ammonia.  The  hydrogen  of  the  ajnmonia  is  then  replaced  by  the 
alcohol-radicle,  forming  a  mixture  of  primary,  secondary,  and 
tertiary  amines,  which  unite  with  the  halogen-acid  produced  at  the 
same  time,  to  form  ammonium  salts,  thus : 

:  NH,(C2H5).HI 

Ethyliiiiimonium 
iodide. 

■     NH(C2H,),.HI     -f-  HI 

Dietliylammonium 
iodide. 

N(C,H5)3.HI        +  2HI 

Tri  et  1)  y  lam  m  on  i  urn 
iodiile. 

From  the  mixture  of  ammonium  salts  thus  obtained,  the  three 
aminos,  being  volatile,  may  be  at  once  separated  by  distillation  witli 
•iqueous  potash  or  soda : 

^ih{C,-H,).m   +    KOH  ^  KI   -1-    Il^O    +  NH,(C,H,) 

Etliyluiuliic. 

NHCC^Hg),.!!!   +   KOH  ^  KI   +   n,0   +  mi{C,ll,)., 
N(C2H5)3.HI      +   KOH  =  KI   +   H,0   +  N{C,B,)^ 

Tiietliylauiliio. 


NH3 

+ 

Ethyl 

iodide. 

NH3 

+ 

2C2H5I 

NH3 

+ 

3C,H,I 
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While  the  tetrethylammonium  iodide  remains  unaltered,  hnt  may  he 
converted  into  the  correspondmg  hydroxide,  NCCaHs)^^^,  by  tne 
action  of  moist  silver  oxide  in  the  manner  already  e^pjamed. 

The  primary,  secondary,  and  tertiary  amines  '^^'f^t  be  separated 
by  fractional  distillation,  but  their  separation  maybe  effected  by  the 
following  process,  devised  by  Dr.  Hofmann  The  mixture  is  treated 
with  diethylic  oxalate  (oxalic  ether),  whereby  the  pmnary  amme  ib 
converted  ^ito  diethyloxamide  (see  Amides)  which  is  easily  Boluble 
in  water,  while  the  diethylamine  is  converted  into  the  ethyhc  ether 
of  diethyioxamic  acid,  which  is  insoluble  m  water,  and  the  trie- 
thylamine  remains  imaltered  : 

2NH3(CA)  +  C,0,(0CA)2  =  CA(NH.C,H,),  +  2C,H  OH 

Ethylamtae.  DlethyUcoxalate.  Diethyloxamide.  AlcohoL 

NH(C,H,),  +  C,0,(OC,H,),  =  C,0,<g(p|i^^)^  +  CAOH 

p-'ethylan^ine.  ^"^0^^^^" 

On  distilling  the  product  of  this  reaction,  the  unaltered  triethyl- 
amine  passes ove?    From  the  residue,  water  f  f  f^s^*^^^^^^^^^^^^ 
oxamide,  which  is  resolved  by  boiling  with  potash  into  oxalic  acid 
and  ethylamine  : 

CACNH.C^Hs)^  +  2K0H  =  CAK2  +  2NH2(C2H5), 
and  the  diethyioxamic  ether,  which  is  not  dissolved  by  the  water, 
yields,  by  distUlation  with  potash,  diethylamine  : 

C,0,<lff^^^'  +  2K0H  =  C^O.K^  +  CJi,m)  +  NH(C,H,),. 

The  primary  amines  may  also  be  obtained  by  the  follo^vdng 
proceges^^^  action  of  nascent  hydrogen  on  the  nitroparaffius  : 
CH3.NO2    +  =    2H2O    +  CH3.NH2 

3.  By  the  action  of  nascent   hydrogen  on   the  nitrils  (azo- 
paraffins,  p.  81) : 

HON       +       2H2       =  CH3.NH2 

FormoDitra.  Methylamine. 

CH,.CN     +       2H,       =  CH3.CH,.NH2 

Aeetonitril.  Ethylamine. 

4.  By  distilling  an  isocyanic  or  isocyanuric  ether  with  potash-lej : 

C0=N-CH3    +    2K0H    =    CO3K,    +  g>N-CH3 

Methylamine. 

Motbyl  isocyanate. 
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This  reaction,  which  is  exactly  analogous  to  the  formation  of 
ammonia  from  cyanic  acid,  (CO=NH  +  -IKOH  =  CO3K2  +  NH3), 
is  that  by  which  the  primary  amines  were  first  obtained  by  Wurt/. 

Amines  are  also  produced  by  sjjecial  reactions,  as  by  the  decom- 
position of  more  complex  nitrogen-compounds  and  of  amido-acids. 

Properties  and  Reactions. — The  amines,  as  already  observed,  bear  a 
strong  resemblance  to  ammonia.  The  lower  members  of  the  group 
are  gases,  easily  soluble  in  water,  and  having  a  strong  ammoniacal 
odour  ;  they  are  distinguished  from  ammonia  by  their  ready  com- 
bustibility. The  higher  members  are  liquids,  more  or  .less  oily. 
Amines  expel  ammonia  from  its  salts  when  heated  with  them,  and 
in  Uke  manner  the  monamines  are  replaced  by  the  diamines,  and 
these  by  the  triamines  :  hence  it  might  be  inferred  that  the  basic 
power  of  an  amine  increases  with  the  number  of  alcohol-radicles 
which  it  contains  ;  but  in  this,  as  in  many  similar  cases,  the  expul- 
sion of  one  base  or  acid  by  another  is  a  question  of  relative  vola- 
tility as  well  as  of  strength  of  combination. 

Amines  form  double  salts  with  pZaimic  chloride,  auric  chloride, 
and  other  metalKc  haloid  salts,  exactly  similar  to  those  of 
ammonia,  e.g. : 

Ethylammonium  Aurochloride,  .  .  NH3(C2H5)Cl.AuCl3 
Tetramethylammonium  Platinochloride,  2N(C2H5)4Cl.PtCl4. 

They  can  also  replace  ammonia  in  the  alums,  and  in  the  salts  of 
platinanimonium,  cuprammonium,  &c.  Examples  of  such  com- 
pounds are  : 

Ethylammonium  alum,  .  .  .  (S04)2A1(NH3.C2H5)  +  12H20 
Platosethylammonium  chloride,      .  Pt<S52(^2H6)Cl 

Platosodiethyldiammonium  chloride,  Pt<^][^2'^g3|^2H6)01 

Primary  amines  treated  with  nitrous  acid  (or  their  haloid  salts 
with  potassium  nitrite)  are  converted  into  the  con-esponding 
alcohols ;  thus : 

C^Hj.NHa  +  m,R  =        +  H^O  -t-  0,H,.OH . 

This  reaction — analogous  to  the  resolution  of  ammonium  nitrite 
into  ammonia  and  water  (NH3  +  NO^H  +  2 HgO)— affords,  as 
already  observed  (p.  143),  the  means  of  passim^  from  one  alcohol  of  a 
series  to  tlie  next  highest:  thus  methyl  alcohol  yields  metliyl 
cyanide  or  formonitril,  C^HgN  ;  this  may  be  converted  by  nascent 
hydrogen  into  ethylamine,  CjjH^N  ;  and  tills  Ixuse,  as  above,  into 
ethyl  alcohol. 

Secondary  amines  are  converted  by  nitrous  acid  into  nitroso- 
compounds ; 
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/NO 

NH(CH3)2     +     NO.OH     =     H2O     +  NjCHs; 

I  CH3 

Dimetliylamine.  Nltroso- 

dimethylamlne. 

and  tertiary  amines  are  but  slightly  attacked  by  nitrous  acid. 


METHYL  BASES. 

Methylamine  or  Amidometliaiie,  CHjN  =  H3C — NH2  = 

N  I  ^Ij-  ■     This  base  may  be  fonned  by  either  of  the  general 

reactions  above  given,  also  by  the  decomposition  of  certain  natural 
alkaloids,  as  morphine,  narcotine,  and  theine  ;  but  it  is  best  prepared 
by  heating  methyl  isocyanate  with  potash  in  a  retort  attached  to 
a  receiver  cooled  by  a  freezing  mixtui'e.  The  distdlate,  which  is 
an  aqueous  solution  of  methylamine,  is  saturated  mth  hydro- 
chloric acid,  and  evaporated  to  djyness,  whereby  a  crystalUne  residue 
is  obtained  consisting  of  methylammonium  chloride ;  and  this  when 
diistilled  with  dry  lime  yields  methylamine  in  the  form  of  a  gas, 
which  must  be  collected  over  mercury. 

Methylamine  is  a  colourless  gas,  having  an  ammoniacal  and 
slightly  fishy  odour,  a  spedtic  gravity  of  1-08,  and  condensing  to  a 
liquid  at  - 18°.  It  is  the  most  soluble  of  all  gases,  one  volume  of 
water  at  12°  absorbing  1040  volumes  of  the  gas  :  it  is  likewise  very 
readily  absorbed  by  charcoal.  It  is  distiuj^uished  from  ammonia  by 
its  odour,  and  by  the  facility  with  which  it  burns.  In  its  deport- 
ment with  acids  and  other  substances,  however,  it  bears  the  closest 
resemblance  to  ammonia.  Its  aqueous  solution  also  possesses  all  the 
properties  of  aqueous  ammonia,  excepting  that  it  does  not  dissolve 
the  oxides  of  nickel,  cobalt,  or  cadmium.  Iodine  added,to  the  aqueous 
solution,  throws  down  a  dark  red  precipitate  of  di-iodomethyl- 
amine,  while  methylammonium  iodide  remains  in  solution : 

3(CH3.NH2)  +  2I2  =  CH3.NI2  +  2(CH3.NH2.HI). 
Bromine  acts  in  a  similar  manner.    The  gas  passed  over  heated 
potassium  is  resolved  into  cyanogen  and  hydrogen  : 
CH3.NH2  -f  K  =  CNK  +  5H. 

The  salts  of  methylamine  are  easily  soluble  in  water.  The  hydro- 
chloride, CH5N.HCI,  crystallises  in  large  deliquesceut  lanunaj,  which 
melt  at  100°,  and  distH  \\athout  decomposition.  With  platiniini 
chloride  it  forms  a  yellow  crystalline  jDrecipitate  of  the  platin.ochlo- 
ride,  2(CH5N.HCl).PtCl4,  and  M-ith  auric  chloride  the  double  salt, 
CH'n.HC1.AuC13,  which  crystallises  in  needles.  Methylamine  also 
forms  platinum-bases  analogous  to  the  ammonio-platinum  com- 
pounds (i.  512). 

Dimethylamine,  C2HyN=NH(CH3)2,  isomeric  with  ethylamine, 
is  formed  by  heating  ammonia  with  metliyl  iodide,  and  separated 
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from  simultaneously  formed  methylamine  and  trimethylamine  by 
means  of  oxalic  ether  (p.  214).  It  is  a  gas  which  dissolves  easily  in 
water,  and  condenses  to  a  liquid  below  4-8°.  Its  platinochloride 
crystallises  in  large  needles. 

Trimetliylainine,  CgHgN  =  N(CH3)3,  isomeric  with  propylamine 
and  metlijl-ethylamine,  is  obtained  in  perfect  purity  by  the  action 
of  heat  on  tetramethyl-ammonium  hydroxide,  which  is  thereby  com- 
pletely resolv^ed  into  trimetliylamine  and  methyl  alcohol : 

N(CH3),0H  =  N(CH3)3  +  CH3(0H). 

It  is  also  produced  by  distilling  codeine  and  narcotine  with  potash, 
and  is  contained  in  large  c^uantity  in  herring-pickle,  the  peculiar 
odoiir  of  which  is  due  to  its  presence.  It  is  a  Uquid  easily  soluble 
in  water,  and  boiling  at  9-8''.  Its  salts  are  soluble;  the  hydrochlo- 
ride very  delicjuescent. 

Tetramethyl-ammoniTim  compounds.— The  iodide,  N(CH3)^I, 
may  be  obtained  by  adding  methyl  iodide  to  trimethylamine.  The 
two  substances  unite  with  a  sort  of  explosion.  It  is  more  easily 
prepared,  however,  by  digesting  methyl  iodide  with  an  alcoholic 
solution  of  ammouia.  In  this  reaction  a  mixtm-e  of  the  iodides  of 
ammonium,  methyl-ammonium,  dimethyl-ammonium,  trimethyl- 
ammonium,  and  tetramethyl-ammonium  is  produced.  The  fii'st 
and  last  compounds  are  formed  in  largest  quantity,  and  may  be 
separated  by  crystallisation,  the  iodide  of  tetramethyl-ammonium 
being  but  sparingly  soluble  in  water.  It  crystallises  in  hard,  flat 
needles  of  dazzling  whiteness.  The  hydroxide,  N(CH3)^0H,  re- 
sembles the  corresponding  ethyl-compound  {infra),  and  is  decom- 
posed by  heat,  as  above  mentioned,  into  methyl  alcohol  and  trime- 
thylamine. 


ETHYL-BASES. 

Ethylamine  or  Amido-ethane,  CgH^N  =  H3C  -  CH2(NH2)  = 
^  I  C  H  '  ^'^  prepared  either  by  heating  etliyl  isocvanate  with  pot- 
ash,  or  by  digesting  ethyl  bromide  or  iodide  with  alcoholic  ammonia, 
and  treating  the  mixture  of  salts  thereby  produced  with  oxalic  ether 
m  the  manner  already  described.  It  is  a  very  moltile  lii[uid,  having 
a  specific  gravity  of  0-()964  at  8°,  boiling  at  19°,  and  giving  olf 
an  inflamnial^le  vapour  which  has  a  specihc  gravity  of  1-67.  It  has 
a  most  powerful  ammoniacal  odom-,  and  restores  the  blue  colour  to 
reddened  litmus-paper.  It  produces  wliite  clouds  with  hydrochloric 
acid,  is_  absorbed  hy  water  with  great  avidity,  and  reacts  like 
ammonia  with  metallic  salts,  precipitating  the  salts  of  magnesium, 
aluminium,  iron,  manganese,  bismuth,  chromium,  uranium,  tin, 
lead,  and  mercury;  and  forming  with  zinc-salts  a  white  precipitate, 
which  is  soluble  in  excess.  It  dissolves  silver  cldoride,  and  yields 
with  copper-salts  a  blue  precipitate,  which  is  soluble  in  excess  of 
ethylamine. 


218  FATTY  GROUP  :  AMINES. 

On  adding  ethylamine  to  oxalic  ether,  a  wHte  precipitate  of 
diethyloxamide,  CA(NH.CA),  is  P^^'l^'^'^f- ,  ^fff^^.r^t 
chlorine,  it  yields  ethylanunonium  chlonde  and  dichlorethyl- 
amine/NCLC^H,,  a  yellow  liqiiid  which  has  a  penetrataig  tear- 
exciting  odoiixj  and  when  treated  with  potash  is  converted  into 
ammonia,  potassium  acetate,  and  potassium  chloride: 
NCl^CC^Hg)  +  3KH0  =  C2H3KO2  +  2KC1  +  NH3  +  H^O. 
Ethylamine  is  decomposed  by  nitrous  acid,  with  formation  of  ethyl 
nitrite  and  evolution  of  nitrogen  : 

C^HjN  +  2HNO2  =  +  2H2O  +  N2. 

On  passing  the  vapour  of  cyanic  acid  into  a  solution  of  ethylaniine, 
the  liquid  becomes  hot,  and  deposits  after  evapo^ataoii  crystals  of 
ethyl-urea:  C,HtN  +  CNHO  =  CsHgNp  or  CH3(C2H3)N20. 

The  salts  of  ethylamine  resemble  those  oi  ammonia  and  pi 
methylamine.  The  hydrochloride,  NH2(C2H,).HC1,  crystallises  in 
larae  deliquescent  plates,  melting  at  80  :  the  j^lahnochlor^de, 
2NH3(C2H5)Cl.PtCl4,  in  orange-yeUow  scales. 

Diethylamine,  C^HuN  =  NH(C2H6)2.-A  mixture  of  the  solu- 
tions of  ethylamine  and  ethyl  bromide,  heated  in  a  sealed  tube  ior 
several  hours,  solidifies  to  a  crystaUine  mass  of  cUethylammomum 
bromide  :  NH,(C,H,)  +  C^H.Br  =  NH.CCAj^Br.  This  bromide 
distilled  with  potash,  yields  diethylamme  as  a  colourless  liquid,  still 
verv  alkaline,  and  soluble  in  water,  but  less  so  than  ethylamine. 
This  compound  boils  at  57°.  It  forms  beautifully  crystaUisable 
salts  with  acids.  A  solution  of  diethyl-ammonium  chloride  forms  with 
platinic  chloride  a  very  soluble  double  salt,  2i^M2^L2M5  2<-'l-l^t*-i4> 
crystaUising  in  orange-red  grains,  very  different  Irom  the  orange- 
yellow  leaves  of  the  coiTesponding  ethyl-ammonium  salt. 

Diethylamine  behaves  with  cyanic  acid  like  ammoma  and  ethyl- 
amine, giving  rise  to  diethyl-urea,  CH2(C2H5)2N20  . 

Triethylamine,  CeHigN  -  N(C2H5)3.-The  foiTnationof  this  body 
is  perfectly  analogous  to  that  of  ethylamine  and  of  diethylamme. 
On  heating  for  a  short  time  a  mixture  of  diethylamine  with  ethyl 
bromide  in  a  sealed  glass  tube,  a  beautiful  fibrous  mass  of  triethyl- 
ammonium  bromide  is  obtained,  from  which  the  triethylamme  may 
be  separated  by  potash.  Triethylamine  is  a  colourless,  poAverfully 
alkaline  liquid,  boilin-  at  89°.  Its  salts  crystaUise  remarkably 
well  With  platinic  chloride  it  forms  a  very  soluble  double  salt, 
2NH(C2Hs)3Cl.PtCl4,  which  crystaUises  in  magnificent,  large, 
orange-red  rhombs. 

Tetrethylammonium  compounds.— When  anhydrous  tri- 
ethvlamine  is  mixed  with  dry  ethyl  iodide,  a  powerful  reac- 
tion ensues,  the  mixture  boils,  and  solidifies  on  coobng  to  a 
white  crystalline  mass  of  tetrethyl-animonium  iodide: 
N(C2H„)3+C2H,I  =  N(C2H,),I.  This  iodide  is  readily  soluble  in 
hot  water,  from  which  it  separates  on  cooling  in  beautiful  crys- 
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tals  of  considerable  size.  It  is  not  decomposed  by  potash,  but  may  ^ 
be  boiled  with  the  alkali  for  hours  without  yielding  a  trace  of 
volatile  base.  The  iodine  may,  however,  be  readily  removed  by 
treating  the  solution  with  silver-salts.  If  in  this  case  silver  sul- 
phate or  nitrate  be  used,  we  obtain,  together  with  silver  iodide,  the 
sulphate  or  nitrate  of  tetrethyl-ammonium,  which  crystallises  on 
evaporation;  on  the  other  hand,  if  the  iodide  be  treated  with 
freshly  precipitated  silver  oxide,  the  hydroxide  of  tetrethyl- 
ammonium,  N(C2Hi;)^0H,  is  separated.  On  filtering  off  the  silver 
precipitate,  a  clear  colourless  liquid  is  obtained,  which  contains  the 
isolated  base  in  solution.  It  has  a  strongly  alkaline  reaction,  and 
intensely  bitter  taste.  The  solution  of  tetrethyl-ammonium 
hydroxide  has  a  remarkable  analogy  to  potash  and  soda.  Like 
these  substances,  it  destroys  the  epidermis  and  saponifies  fatty 
substances,  with  formation  of  true  soaps.  With  metallic  salts  it 
exhibits  exactly  the  same  reactions  as  potash.  On  evaporating  a 
solution  of  the  base  in  a  vacuum,  long  slender  needles  are  deposited, 
consisting  of  the  hydroxide  with  a  certain  amount  of  crystallisa- 
tion-water. After  some  flme  these  needles  disapj)ear,  and  a  semi- 
solid mass  is  left,  which  ia  the  anhytLrous  base.  A  concentrated 
solution  of  this  compound  in  water  may  be  boiled  without  decom- 
position, but  on  heating  the  dry  substance,  it  is  decomposed  into 
triethylamine,  water,  and  ethene  gas  : 

N(C2H,),(0H)    =    H,0    +    N(C2H5)3    -l-  C^H,. 

The  other  salts  of  tetrethylammonium  are  obtained  by  treating 
the  hydroxide  with  acids :  several  of  them  form  beautiful  crystals. 
The  platinochloride,  [N(C2H5)4Cl]2.PtCl4 ,  crystallises  in  orange- 
yellow  octohedrons,  slightly  soluble  in  water,  less  soluble  in  alcohol 
and  ether. 


The  amines  of  the  series  CnH2n+3N,  which  contain  more  than 
three  atoms  of  carbon,  admit,  as  already  observed,  of  isomeric  modi- 
fications, depend  on  the  structuxe  of  theu-  alcohol-radicles. 

Propylamine  (normal),  CgHgN  =  N  j  CH2CH2CH3  ^  produced 

by  hydrogenation  of  propionitril  (ethyl  cyanide),  C3H5N,  or  by  the 
action  of  boiling  potash  on  the  mixtm-e  of  propyl  isocyanate  and  iso- 
cyanurate  obtained  by  distilling  normal  propyl  iodide  with  silver 
cyanatc,  is  a  strongly  alkaline  lic^uid,  boiliiig  at  50°,  and  having 
a  specific  gravity  of  0-7283  at  0°.  The  platinochloride, 2(C'3HuN.HCl). 
PtCl4,  crystalises  in  orange-yellow  monocUnic  prisms. 

The  nitrite,  C3H(,N.N02,  is  resolved  l)y  heat  into  pseudopropyl 
alcohol,  nitrogen  and  water,  GH,— CH.— GH,(NH2) -f- NOgH^ 
CH3-CPIOH-CH3  +  N,  +  H2O. 

Isopropylamine,    CH3— CILNIL— CH3,   or  N  j  ^^^(^^^3)2, 
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•is  produced  as  a  formate  by  the  action  of  hydrochloric  acid  on 
isopropyl  isocyanide  : 

C=N-C3H7  +  2H2O  =  NH2(C3H,).CH202. 
The  hase  liberated  from  this  salt  by  successive  treatment  with 
hydrochloric  acid  and  potash,  is  a  sweetish  ammoniacal  liquid,  boiling 
at  32°.     Its  platinochloride  crystallises  in  golden-yellow  scales 
or  flattened  needles. 

Eutylamines.— Of  i)rimary  butylamine,  CjHuN,  there  are 
three  modifications,  viz.  : 

1.  Normal  Butylamine,  CH'3.(CH2)3.NH2.  obtained  by  the 
action  of  nascent  hydi'ogen  on  normal  propyl  cyanide  or  butyro- 
nitril,  CH3(CH2)2.CN.  It  is  a  colourless,  hygroscopic,  fuming 
liquid,  boiling  at  75-5°,  and  having  a  specific  gravity  of  0-755  at  0°. 
Nitrous  acid  converts  it  into  isobutyl  alcohol,  CH(CH3)2 — CHjOH. 

2.  Isobutylamine,  CH(CH3)2.CH2.NH2.  is  obtained  by  distilling 
a  mixture  of  potassium  isobutylsulphate  with  potassium  cyanate, 
and  treating  the  resulting  isobutyl  isocyanate  with  potash.  It  boils 
at  68°,  and  has  a  specific  gravity  of  0-7357  at  15°.  With  nitrous 
acid  it  yields  tertiary  butyl  alcohol  or  trimethyl  carbonol, 
(CH3)3.C6H.  Now  it  has  been  already  stated  that  normal  butyl- 
amine similarly  treated  is  converted  into  isobutyl  alcohol,  and 
normal  propylamine  into  isopropyl  alcohol.  Hence  it  appeal's 
that  the  action  of  nitrous  acid  on  primary  amines  gives  rise  to  the 
alcohol  of  a  radicle  containing  one  more  methyl-group  than  the 
original  amines : 

CH3.CH2.CH2.CH2NH2    -I-    NOjH    =   N2   +    HjO    +  CH(CH3)2.CH20H 
Noi-mal  Butylamine.  Isobutyl  Alcohol. 

CH(Cn3)2.CH2.NH2    +    NO2H    =    N2    -t-    H2O    -I-  (CH3I3C.COH 
Isobutylamine.  Tertiary  Butyl 

alcohol. 

3.  Tertiary  Butylamine  or  Katabutylamine,  (CH3)3C .  NHj ,  is 
prepared  by  heating  isobutyl  iodide  with  dry  silver  cyanate,  mixing 
the  resulting  solid  compound  of  silver  iodide  and  isobutjd  cyanate 
with  finely  pulverised  potassium  hydroxide,  and  distilling  the 
mixture  by  small  quantities  at  a  time.  It  is  a  liquid  boiling  at 
45-46°,  and  having  a  specific  gravity  of  0-6987  at  15°. 

Dibutylamine,  NH(C.,H9)2,  and  Tributylamine,  N(C4H9)3,are 
obtained  as  bye-products  in  the  preparation  of  normal  valeric  acid 
by  the  action  of  alcoholic  potash  on  normal  butyl  cyanide.  The 
former  boils  at  160°,  the  latter  between  211°  and  215°. 

Pentylamines.— Of  primary  pentjdamines,  C5H13N,  there  are 
two  known  modifications,  viz.,  isopentylamine  or  amylamine, 
derived  from  the  ordinary  amyl  alcohol  of  fermentation,  and 
pseudopentylamine,  derived  from  isopropyl-methyl  carbinol 
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(p.  148).    They  are  represented  by  the  following  formula : 

(Cn.,Cn(CH3)„  (CH.,CHoClI(CH3)2     (Cn(CR-j)2  f  CIICCnjjCCHCCHa)-] 

C  ■<  H„ '  ■  or  N  ^  H  o  J  CH3  orNJ.  1 1 

(nh,  (h  1  H  /  H 

Isoppntylamlne.  Pseudopentylaraine. 

Isopentylamine  or  Ordinary  Amylamine,  is  obtained  by 
distilling  isopentyl  isocyanate  or  isocyaniirate,  or  primaiy 
isopentyl  -  carbamide,  CON2H3(C5Hji),  with  potash;  pseiido- 
pentylamine  in  like  manner  from  secondary  isopentyl-carbamide, 
00X2112(0113) (C4Hg).  Both  are  colomiess  liquids,  of  penetrating 
ammoniacal  odour,  and  slightly  soluble  in  water,  to  which  they  im- 
part an  alkaline  reaction.  Amylamine  boils  at  95°,  and  has  a 
specific  gravity  of  0'7503  at  18° ;  pseudopentylamine  boils  at  78'5°, 
and  has  a  specific  gravity  of  0"755  at  0°.  Platinochloride  of  amyl- 
amine crystallises  in  golden-yellow  scales;  that  of  pseudopentyl- 
amine in  fine  crystals  derived  fi'om  a  monoclinic  jDrism.  The  auro- 
chloride  of  pseudopentyl,  C5HyN.AuCl3,  forms  large  yellow  mono- 
clinic  crystals. 

Diamylamine,  CiQHjglSr  =  ]srH(CgHii)2. — An  aromatic  liquid,  less 
soluble  in  water,  and  less  alkaline  than  amylamine.  It  boils  at 
about  170°. 

Triamylaniine,Ci-H33N  =  N(C5Hii)3. — Acoloiu-less  liquid,having 
properties  similar  to  those  of  the  two  jareceding  bases,  but  boiling  at 
257  .  The  salts  of  triamylamine  are  very  sparingly  soluble  in  water, 
and  melt,  when  heated,  to  colourless  liquids,  floating  upon  water. 

Tetramylammonium  Hydoxide,  C2oH45N'0  =  N(C5Hii)40H. — 
This  substance  is  far  less  soluble  than  the  corresponding  bases  of  the 
methyl  and  ethyl  series,  and  separates  as  an  oily  layer  on  adding 
potash  to  the  aqueous  solution.  On  evaporating  the  solution  in  an 
atmosphere  free  from  carbonic  acid,  the  alkali  may  be  obtained  in 
splendid  crystals  of  considerable  size.  When  submitted  to  distilla- 
tion it  splits  into  water,  triamylamine,  and  amylene  : 

N(C«Hi04OH    =    H2O    +  .  N(C,R,,),    +  C.Hio. 

Bromethyl-  and  Ethenyl-  or  Vinyl-bases  Tertiary 

tnonamines  unite  directly  with  ethene  bromide,  giving  rise  to 
brominated  ammonium-bases  :  e.g., 

(C2H,)3N    +    C2H,Br    =    g^lllBr  | 

In  these  compounds,  the  bromine  directly  attached  to  the  nitrogen 
IS  easily  replaceable  hy  double  decomposition,  by  the  action  of  silver 
nitrate,  for  example,  whereby  the  bromide  is  converted  into  the 
nitrate  (C  H,)3(C2H,Br)N.N03. 

Ine  other  bromine-atom  is  more  intimately  combined,  but  this 
also  may  be  removed  by  the  action  of  moist  silver  oxide,  the  group 
CjHjBr  or  CHaBr— CH2  being  converted,  by  elimination  of  HBr, 
into  ethenyl  or  vinyl  DH^ — OH^  and  the  bromide  of  triethyl- 
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bromethyl-amiuoniran  being  converted  into  trietbyl-vinyl-am- 
luonium  hydroxide  : 

(CA^3  jN.Br  +  2AgOH  =  2AgBr  +  H,0  +  g^^a)3  |  N.OH. 

Oxethene-bases  or  Hydramines.— When  etheneo^de, 
CH.O  or  CH2— 0— CH2,  is  treated  with  aqueous  ammonia,  1,  2, 
or  3  molecules  of  the  oxide  unite  with  1  mol.  ammonia,  producmg 
the  following  bases : 

CH2(OH)CH2.NH2,  Ethene-hydramine. 

^S4S2S§2>  NH,  Diethene-hydramine. 

[CH2(OH)CH2]3N,  Triethene-hydramine. 

The  hydrochlorides  of  these  bases  are  also  formed  by  the  action 
of  ammonia  on  ethene  chlorhydrin,  C2H,C1(0H)  The  bases  are 
separated  from  one  another  by  fractional  crystalhsation  of  their 
hydrochlorides  or  platinochlorides.  They  are  viscid,  alkahne 
liquids,  decomposed  by  distillation. 

Choline,  CjHigNOg.— This  base,  which  has  the  composMon  of  tri- 
methyl-ethenehydrinammonium  hydroxide,  C2H4< -^^(-,23)303:, 
is  formed  synthetically  by  heating  ethene  oxide  or  ethene-chlor- 
hydrin  with  trimethylamhie  in  aqueous  solution^^ 

(CH3)3N  +  C2H,0  +  H2O  =  C2H4<g(CH3)30H. 

It  exists  ready-formed  in  the  animal  organism,  naniely  in  bile, 
from  which  it  was  first  obtained  (hence  its  name) ;  also  in  the  brain, 
and  in  white  of  egg,  in  both  of  which  it  occurs  in  the  form  of 
lecithin,  a  compound  of  choline  with  glycerophosphonc  acid 
and  fatty  acids.  It  is  also  produced  from  sinapine,  the  alkaloid 
of  white  mustard,  by  boiling  with  alkalis,  and  is  thence  also  called 

sincaline.  .  n-     1  • 

Choline  is  a  deliquescent  substance  difficult  to  crystalhse,  having 

a  strong  acid  reaction,  and  absorbing  carbonic  acid  from  the  air. 

Its  platinochlonde,  2(C,-£l^,-S0,.}lGV).VtC\„  crystallises  in  fine  red- 

yeUow  tables,  insoluble  in  alcohol. 

Choline  heated  with  hydriodic  acid  yields  the  compound 

(CH3)3N<j  2^^^''" ,  which,  by  the  action  of  moist  silver  oxide  is  con- 
vervedipto  trimethyl-vinyl-ammonium  hydroxide: 
(CH3)3N<g2^3    ^  C,H,3N0. 

This  base,  called  neurine,  is  very  much  like  choline— from  which 
it  differs  by'H20— and  likewise  exists  in  the  brain. 
Betaine,  C5H11NO2,  the  alkaloid  of  beet-juice,  which  has  the 


ETHENE-DIAMINES. 


223 


constitution  of  trimethyl-glycocine,  (CH3)3N<[q  ^'  i    (see  Amides), 

is  also  nearly  related  to  choline,  and  is  formed  by  oxidation  of 
choline  hydi-ochloride,  whence  it  is  also  called  oxycholine  and 
oxyne urine.  It  is  formed  synthetically,  as  a  hydrochloride,  by 
heating  trimethylamine  with  mono-chloracetic  acid : 

(CH3)3N  +  CH2CI.CO.OH  =  (CH3)3N<Q^^.HC1. 

Betaine  crystallises  from  alcohol  in  shining  deliquescent  crystals 
containing  one  molecule  of  water.  It  has  a  neutral  reaction,  a  sweetish 
taste,  and  is  decomposed  by  boiling  alkalis,  with  evolution  of  tri- 
methylamine. 


DIAMINES. 

These  are  bases  derived  from  a  double  molecule  of  ammonia, 
N,Hg,  by  substitution  of  bivalent  alcohol-radicles  for  a  part  or  the 
whole  of  the  hydrogen,  or  from  the  paraffins  by  substitution  of  two 
NHj-groups  for  2  atoms  of  hydrogen. 

Diamines  are  formed  by  the  action  of  ammonia  on  the  chlorides, 
bromides,  and  iodides  of  fliatomie  alcohol-radicles  (olefines). 

Ethene-diamines. — By'the  action  of  ammonia  on  ethene  di- 
bromide,  a  number  of  compounds  are  produced,  among  which  are 
the  hydrobromides  of  three  bases  derived  from  two  molecules  of 
ammonia,  by  substitution  of  1,  2,  or  3  molecules  of  ethene,  CgH^, 
fpr  equivalent  quantities  of  hydrogen ;  thus : 

2NH3    +  C.R^-Bt, 


4NH3    +  SCaH^Br. 


6NH3    +  SC^H^Brj 


The  mixture  of  hydrobromides  thus  obtained  is  decomposed  by 
distillation  with  pobish,  and  the  three  diamines  which  pass  over 
are  separated  by  fractional  distUlation, 

i'</iene-(liamtne,C2H8N2  =  C2H4(NH2)2  =  ]Sr2  j  ^^^-^^S  is  also  pro- 
duced by  the  action  of  tin  and  hydrochloric  acid  on  dicyanogen  : 


H  H 

N^C2H,^N .  2HBr 

Ethene-diamine. 

C  H 

N^OgH^^N  .  2HBr  +  2NPLBr 

Dlothene-diamine. 
C  H 

N^2h!.^N  .  2HBr  +  4NH„Br 
Tricthene-diumine. 


224  FATTY  GROUP  :  AMINES. 

CoN,+  4H,=  C,H8N2.  It  is  a  colourless  liquid,  boiling  at  123°, 
having  a  strong  alkaline  reaction,  and  ammoniacal  odour.  Nitrous 
acid  converts  it  into  ethene  oxide : 

C2H,(NHi,)2  +  NA  =  2H2O  +  2N2  +  C^H.O. 

Xliet/iene-diamine,  nJ  toils  at  170°  j  triethene-U%a- 

mine,  ^^{C^^i)z,  at  220^ 

These  diamhies  are  bi-acid  bases,  capable  of  uniting  directly  with 
2  entiivalents  of  an  acid.  They  can  also  unite  ^^dth  the  bromides 
and  iodides  of  the  alcohol-radicles,  producing  iodides  of  ammonium 
bases,  thus : 

from  Ethene-diaviine  are  obtained: 


Iodide  of  Ethene-diammonium, 
Iodide  of  Diethyl-ethene-diammouium,  . 
Iodide  of  Tetrethyl-ethene-diamnionium, 
Iodide  of  Pentethyl- ethene-diammonium, 
Iodide  of  Hexethyl-ethene-diammonium, 

from  Dietliene-diamine : 


[N2H6(C2H,)]l2  . 

-N2H,(C2HJ(C2H,),]l2 
:N2H(C2H,)(C,H,)JI2 


Iodide  of  Diethene-diammonium, 
Iodide  of  Diethyl-diethene-diammonium, 
Iodide  of  Triethyl-diethene-diammonium, 
Iodide  of  Tetrethyl-diethene-diammonium, 


■N34(C,H4}2]l2 . 
:n;H.,(C,H,)2(C2H5)2]I,, 
■n:H(C,H4),(C2H,)3]I2. 


from  Triethene-diamine : 
Iodide  of  Diethyl-triethene-diammonium,   [N2(C2H4)3(C2H5)2]l2  • 

The  diamines  also  unite  dii'ectly  with  water  to  form  ammonium 
oxides;  thus: 

C.H.<S|    +    H2O     =  C2H,<5g-J>0 

These  oxides  are  very  unstable,  and  give  off  the  water  again  on  mere 
distillation  over  potassium  hydroxide  :  when  treated  with  acids, 
they  form  diamine-salts,  with  separation  of  water. 

Methenyl-diamine,  CN2H^  =  N2|  or  Formylimidamide, 

CH<^g  .  This  base,  nearly  related  to  cyanimide  or  carbodi- 
imide,  C-^^g,  is  known  only  in  combination  with  acids.  The 
hydrochloride,  CNaH^.HCl,  is  produced  together  witli  ethyl  chloride 
and  ethyl  formate,  by  heating  the  compound  CNH .  HCl,  formed 
by  direct  combination  of  anhydrous  hydrocj^mic  acid  and  gaseous 
hydi'ochloric  acid,  M'ith  alcohol : 

2(GNH.HC1)  +  2(C2H,.OH)  =  CN2H,.HC1+ C2H,C1  +  C2H5.CHO, . 
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It  crystallises  in  needles  melting  at  81°,  and  is  resolved  by  alkalis 
into  ammonia  and  formic  acid : 

CNaH^  +  2H2O  =  2NH3  +  CHO.OH. 

Methyl-methenyl-diamiiie,  Ethenyl-diamine,  or  Acediamine, 

CaNaHg    =   (H3C)C<^g^.      The  hydrochloride  of  this  base, 

CaNoHij.HCl,  together  with  acetic  acid,  is  formed  by  heating  aceta- 
mide  in  dry  hydi-ochloric  acid  gas : 

+    HCl    =     CaHeN^.HCl    +  C^Rfi^. 
It  crystaUises  in  long  needles  soluble  in  water  and  alcohol.  The 
free  base  is  very  imstable,  and  when  separated  from  the  hydro- 
chloride by  an  alkali,  is  quickly  resolved  into  ammonia  and  acetic 
acid. 

Hydroxyl  -  methenyl  -  diamine     or     Isuret,  CON,H,= 

<<-^ jj  Qjj  — This  base,  isomeric  with  carbamide,  is  formed  by 

evaporating  an  alcoholic  solution  of  hydroxylamine  (i.  165)  and 
hydrocyanic  acid  : 

CHN  +  NH2.0H  =  CH<^§Qjj 

It  crystallises  in  rhombic  prisms  resembling  carbamide  (urea) ;  melts 
with  partial  decomposition  at  104°-105°;  has  an  alkaline  reaction, 
and  umtes  with  1  equiv.  of  acids,  forming  crystalline  salts,  which 
are  resolved,  on  heating  their  solutions,  into  formic  acid,  ammonia, 
and  hydroxylamine.  The  base  itself  is  also  decomposed  by  boiling 
Its  aqueous  solution  yielding  nitrogen,  carbon  dioxide,  ammonia, 
guanidine,  carbamide,  and  biuret. 


TEIAMINES. 

!C  H 
cJhJ  ,    and  Triethene  -  triamine, 

'      I  The  hydrobromides  of  these  bases  are  foimd  amongst 

products  obtained  by  heating  ethene  bromide  with  ammonia, 
inerr  lormation  is  represented  by  the  equations, 

4NH3  +   2C,H.,Br2    =   NH,,Br   +  N.,(C,,H„),H,3PBr 

Dlothcne-triamino. 

6NH3  +    .3C,H,Br2   =   3NH„Br  +  N3(C2H4)3H3.3HBr 

.  Trietliene-tiiiimino. 

These  bases  cannot  be  separated  by  distillation,  on  account  of  the 
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proximity  of  their  boiling  points,  but  their  separation  is  effected  by 
converting  them  into  platino- chlorides,  which  crystallise  with  great 

facility.  .  . 

Both  these  triamines  form  weU-defined  crystaUme  salts,  contammg 
1,  2,  and  3  equivalents  of  acid  ;  and  the  aqueous  _  solutions  ot 
these  salts,  treated  vnth  solid  potassium  hydroxides,  yield  the  tree 
bases  in  the  form  of  strongly  alkaline  oily  Uqmds,  soluble  m  every 
proportion  of  water  and  of  alcohol,  nearly  insoluble  in  etlier. 
Diethene-triamiae  boUs  at  208°,  triethene-triamme  at  216°. 

Triethene  Tetramine,      |  ^^^^ih—The  hydrobromide  of  this 

base  is  also  one  of  the  products  of  "the  action  of  ammonia  on  ethene 
bromide,  but  it  is  more  easily  obtained  by  submitting  ethene-diamme 
to  the  action  of  ethene  bromide  : 

2N2(C2H,)H4  +  C2H,Br2  =  N4(C2H4)3He.2HBr . 
The  base,  separated  from  the  bromide  by  silver  oxide,  is  a  strongly 
alkaline  liquid,  which  dries  up  to  a  non-crystaUising  syrup.  The 
jolatinochloride,  N4(C2H^)3H6.4HC1.2PtCl4,  is  a  pale  yeUow  amor- 
phous, almost  insoluble  salt.* 

Guanidine,  CHgNj .   -   Carbotriamine,  N3  ]  tt     or  Carb- 

NH2 

imido-diamide,  C<^NH  .—This  base  is  produced:  1.  By  the 

action  of  aqueous  ammonia  at  150°  on  chloropicria,  or  on  ethyl 
orthocarbonate : 

CClgCNO^)  +  3NH3  =  CN3HJ.HCI  +  2HC1  +  NO2H . 

Chloiopicrin. 

C{OC^ILX  +  3NH3  +  H,0  =  CN3H5  +  H2O  +  4C.flp. 

Etliyl  Ortho- 
cartonate. 

3.  By  heating  cyanamide  in  alcoholic  solution  with  ammonium 
chloride : 

CH2N2  +  NH4CI  =  CN3H5.HCI. 

4.  Together  with  parabanic  acid,  by  heating  guanine  (an  alkaloid 
obtained  fi'om  guano),  M'ith  a  mixture  of  hydrochloric  acid  and 
potassium  chlorate,  which  exerts  an  oxidising  action  : 

•  +  O3  +  H2O  =  +  C3N2H2O3  +  CO2. 

Guanidine,  separated  from  its  sulphate  by  baryta-water,  forms 
colourless  crystals,  easily  soluble  in  water  and  alcohol :  the  solution 
has  a  powerful  alkaline  reaction,  and  absorbs  carbonic  acid  from  the 

*  For  further  details  respecting  these  higher  ethene-bases,  see  Watts'a 
Dictionary  of  Chemistry,  vol.  ii.  pp.  588-593.   
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air,  forming  a  carbonate,  2CH5N3.H2CO3,  which  is  also  alkaline, 
and  crystallises  in  square  prisms. 

The  ■nitrate,  CH5N3.NO3H,  forms  large  lamina  easily  soluble  in 
water.  -The  hycbochloride,  CHgNa.HCl,  yields  a  platino-chloride, 
crystallising  in  yellow  needles. 

Alcoholic  derivatives  of  guanidine  are  formed  by  reactions  analo- 
gous to  those  which  yield  guanidine  itself,  especially  by  heating 
cyanamide  with  the  hydrochlorides  of  primary  amines  :  e.g., 

CN2H2  +NH2(CH3).HC1  =  CN3H^(CH3).HC1. 

Methyl-guanidine,  CN3H4(CH3),  is  also  foi-med  by  boiling 
creatine  with  water  and  mercuric  oxide.  When  separated  from  its 
hydrochloride  by  silver  oxide  it  forms  a  deliquescent  crystalline 
mass,  which  unites  with  1  eq.  of  acid,  forming  weU-crystallised 
salts. 

Triethyl-guanidine,  CN3.H2(C2H5)3,  is  formed  by  boiling 
diethyl-thiocarbamide  and  ethylamine  in  alcoholic  solution  with 
merciuic  oxide  : 

^S<Sh;§hJ    +    NH2.C,H,    +    HgO    =    HgS    +  H^O 


+  (CA)N=C<gg;gg. 

The  phenyl  and  tolyl-derivations  of  guanidine  will  be  described 
I  amongst  the  compounds  of  the  aromatic  group  ;  the  derivatives  con- 
taining acid  radicles  amongst  the  derivatives  of  uric  acid. 


Phosphorus,  Arsenic,  and  Antimony  Bases. 

Phosphorus,  arsenic,  and  antimony,  being  like  nitrogen,  either 
trivalent  or  quinquivalent,  are  capable  of  forming  compounds 
I  analogous  to  the  amines  and  the  ammonium  salts. 


PHOSPHORUS  BASES  OR  PH0SPHINE8. 

Tertiary  phoaphines  and  phosphonium  bases  are  formed  by  the 
■  action  of  alcoholic  iodides  on  phosphine,  PHg :  thus, 

PH3  +         SC^H^I        =  2HI  -f-  P(C2HrJ3.HI. 


Trietliyl-phosphlne 
hydiiodide. 


^(CaHJa        4-        C^H^I  V{C,l\,\l 

,  Trlcthyl-plifisplionium 
lodldo. 

™°re  readily  by  heating  phosphonium  iodide,  PHJ  (i.  239),  to 
ioo  -180°  with  alcoholic  iodides  : 


228 


FATTT  GROUP:  PHOSPHINES. 


PH,I  +  3C2H,I    =  SHI    +      P(C2H,)3.HI  ; 

and  P(C2H5)3HI    +    C^H-I    =    HI    +  V{G,R,),l. 

On  heating  the  product  with  potash-ley,  the  hydrodide  of  the 
tertiary  phosphine  is  decomposed  and  the  base  set  free,  while  the 
iodide  of  the  phosphoniuni-base  remains  unaltered. 

The  tertiary  phosphines  are  also  formed  by  distilling  the  zinc- 
compoimds  of  the  alcohol-radicles  with  phosphorus  trichloride  ia 
an  atmosphere  of  hydrogen  : 

3Zn{C,R,\    +    2PCI3    =    3ZnCl2    +  2F{C.^,),. 

The  primary  and  secondary  phosphines  are  formed  by  heatuig 
the  alcoholic  iodides  with  phosphoniu.m  iodide  to  about  150°  in 
presence  of  certain  metalKc  oxides,  such  as  zinc  oxide  (ordinary 
ztac-white  of  commerce),  the  product  being  a  mixture  of  the 
primary  and  secondary  phosphines  : 

2PH,I  +  2C2H5I  -1-  ZnO  =  Znl2  -1-  H^O  +  2P(C2H5)H3l 
and  PH4I  +  2C2H6I  +  ZnO  =  Znl,^  +  H^O  -1-   P(C2H5)2H2l . 

On  treating  the  crystalline  product  with  water,  monethyl-phos- 
phine  is  set  free  : 

P(C2H,)H3l  +  H2O  =  HI  H-  H2O  +  V{C,-R,)TI„ 

while  the  diethylphosphine  salt  remains  unaltered,  but  may  be  de- 
composed by  boiling  it  with  causbic  soda,  the  diethylphosphine  being 
then  set  free. 

The  phosphines  are  colourless,  strongly  refracting  liquids,  having 
an  extremely  pungent  intoxicating  odour.  They  are  nearly  in- 
soluble in  water.  In  contact  with  the  air,  they  oxidise  rapidly  and 
mostly  take  fire :  hence  their  preparation  must  be  conducted  in  an 
atmosphere  of  hydrogen.  The  salts  of  the  primary  phosphines  are 
easily  decomposed  by  water,  those  of  the  secondary  and  tertiary 
phosphines  are  not. 

The  primary  phosphines  are  converted  by  oxidation  into  phos- 
phonic  acids,  those  of  the  secondary  phosphines  into  phosphinic 
acids  (p.  114) :  e.g., 

'    ^^/nTT^W  O     -    HO    pZo  Methylphosphonic 

P(CH3)2H2    +    U3    -  ±±30—1^.^0^, 

p.     _  H.jCv,^p^O  Dimethyl-phos- 
P(CH3)2     -h    U2    -  H^c-^  *^0H  '     phiuic  acid. 

The  tertiary  phosphines  unite  directly  with  1  atom  of  oxygen,  form- 
incr  neutral  oxides,  Ulve(CH3)3PO,  and  similarly  with  1  atom  of  sulphur, 
2  atoms  of  bromine,  iodine,  &c.,  and  also  with  carbon  bisulphide. 

The  following  table  exhibits  the  chief  distinguishing  characters 
of  the  methyl  and  ethyl-phosphines :— 
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Methyl  phosphines: — 
P(CH3)H„     .    .  . 

P(CH3)2H     .    .  . 

P(CH3)3   .    .  . 

Ethyl-phosphines : — 
P(C„H5)H2   .   .  . 

P(C2H5)jH    .    .  . 

P(C^ns),  .... 


Boiling  Point. 

Sp.  Gravity. 

Hydriodide. 

Platino- 
chloride. 

Gas  liquefying 
at— 14° 
25° 

40° 

Lighter  than 

w/it6r. 
Lighter  than 

water. 

Thick  crystals. 

Crystallises 
wclL 

25° 
85° 
127° 

Lighter  than 

water. 
Lighter  than 

water. 
0-812  at  12°. 

Quadi-ilateral 
plates. 

Orange-yellow 
prisms. 
Red  needles; 

The  boiling  points  of  the  isopropyl,  isobutyl,  and 
ainyl  phosphines  are  as  follows  :— 


Isopropyl-phosphines,  P(C3H7)H2 


B.P. 

Isobutyl-phosphines, 
B.P. 

Amyl -phosphines, 
B.P. 


4r 

P(C4H,)H2 
62° 

P(C.,H„)H2 
106-107° 


P(C3H,),H 
118° 

153° 

P(C5H„)2H 
210-215° 


isopentyl  or 
P(C3Hr)3 

P(C4Ho)3 

215° 
300° 
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nf  ^J'®-*^^}^^^'''®'  .^■'(^2^,5)3,  is  produced  by  distilling  an  alloy 

?!  wd  r.^r^^r  ^-^^  t^^^.  ^^^0,  s 

dimethvl  or  n  ^"^^tammg  As,(C,H,X,  analogoi/s  to  'arsen- 

aimethyl  or  cacodyl.    Both  compounds  are  liquids  of  powerful 

carDon  clioxide,  the  triethylarsme  passing  over  last. 

thiTrinStTf"  T'^^'  P"*^  ^'y^^  P^°^«««  analogous  to 

tnat  employed  for  the  preparation  of  triethylphosphine  namely  bv 

e  s  1  S  chloride  AsCl    with  ziJc'eth/l.  "^S  ^:T^ 

Sr  en  ol"rf -^''^^^^^^  "J^""^'  '"'^'^^^  that  of  arsenietted 
K  S  '  in  water,  alcohol,  and  ether,  and  boiling  at  140°. 

anT  ;i  1  ^ii^ectly  with  oxygen,  sulphur,  "bromine, 

o7L  l     '  *°  ^  '^"'^■'^      compounds  containing  2  atoms 

to  TC  I  ^  ^^"'^      «"1P1""-       own,  and  analogous 

to  the  correspondmg  compounds  of  triethylstibine. 

crvttnn-^  submitted  to  the  action  of  ethyl  iodide  yields  a 

Xr  ov'll'°"'^"T'''  ^■"('^'^H,),,!  ,  from  wliich  freshly  precipitated 
apoS  IXlt'  *^^«o"esponding  hydroxide,  As(C,H,)„OH, 
troV  T    r  'i"^a''ne  substance,  similar  to  the  corresponding  nitro- 
gen-, phospliorus-,  and  antimony-compounds, 
analogous  substances  exist  in  the  nietliyl  series.  Trimethylarsine, 
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As(CH3)3,  is  formed,  together  with  arsendimethyl  or  cacodyl, 
As2(CHg)4,  when  an  alloy  of  arsenic  and  sodium  is  submitted  to  the  , 
action  of  methyl  iodide.  It  unites  with  methyl  iodide,  producing 
tetramethylarsonium  iodide,  As(CH3)4l,  from  which  silver  oxide  I 
separates  the  hydrate,  As(CH3)40H.  The  iodide  just  mentioned  is 
formed,  together  with  iodide  of  cacodyl,  when  cacodyl  is  acted  upon 
by  methyl  iodide : 

Aa,{CB.,)i  +  2CH3I  =  As(CH3)4l  +  As(CH3)2l. 

By  substituting  ethyl  iodide  for  methyl  iodide  in  this  reaction, 
the  compound  As(CH3)2(C2H5)2l,  is  formed.  AU  these  iodides, 
treated  with  moist  silver  oxide,  yield  the  corresponding  hydroxides.  ^ 

As(CH3)2 

Arsendimethyl  or  Cacodyl,  AsaCCHg)^,  or  |  .—The 

As(CH3)2 

arsenic  in  this  compound  is  trivalent,  as  in  those  just  described, 
one  unit  of  equivalence  of  each  of  the  arsenic-atoms  being  satis- 
fied by  combination  with  the  other,  just  as  in  the  solid  hydrogen 
arsenide,  AS2H4  (i.  452).  When,  however,  the  arsendimethyl  com- 
bines svith  chlorine  or  other  monatomic  radicles,  the  molecule  splits  • 
into  two ;  thus : 

As2(CH3)4  -t-  CI2  =  2As(CH3)2Cl. 

Cacodyl,  so  called  from  its  repulsive  odour,  constitutes,  together  • 
with  its  products  of  oxidation,  the  spontaneously  inflarnmable  liquid 
known  as  Cadet's  fuming  liquid,  or  Alkarsin.  This  liquid  is  pre- 
pared by  distilling  equal  weights  of  potassium  acetate  and  arsenious  1 
oxide  in  a  glass  retort  connected  with  a  condenser  and  tubulated  . 
receiver  cooled  by  ice,  a  tube  being  attached  to  the  receiver  to  carry 
away  the  permanently  gaseous  products  to  some  distance  from  the  ; 
experimenter.  At  the  close  of  the  operation,  the  receiver  is  found  1 
to  contain  two  liquids,  besides  a  quantity  of  reduced  arsenic :  the  t 
heavier  of  these  is  the  crude  cacodyl ;  the  other  consists  chiefly  of  f 
water,  acetic  acid,  and  acetone.  The  gas  given  oft"  durmg  the  dis-  • 
tiUation  is  principally  carbon  dioxide.  The  crude  cacodyl  is  ! 
repeatedly  washed  by  agitation  with  water  previously  freed  from  1 
air  by  boiling,  and  afterwards  redistilled  from  potassium  hydrate  ! 
in  a  vessel  filled  with  pure  hydrogen  gas.  All  these  operations  ! 
must  be  conducted  in  the  open  air. 

Pure  cacodyl  is  obtained  by  decomposing  the  chloride  with  me-  • 
tallic  zinc,  dissolving  out  tlie  zmc  chloride  -with  water,  and  dehy-  • 
drating  the  oily  liquid  with  calcium  chloride.  The  strong  tendency  I 
of  cacodyl  to  take  fire  in  the  air,  and  the  extremely  poisonous  i 
character  of  its  vapour,  render  it  necessary  to  perform  aU  the  dis-  • 
tillations  in  sealed  vessels  filled  wilA  carbon  dioxide.  ^ 

Cacodyl  is  a  colourless,  transparent  liquid,  boiling  at  170°,  and  I 
crystallising  at  6°  in  large  transparent  prisms.  It  smells  like  alkar-  ■ 
sin,  and  is  even  more  infiammable.    At  a  temperature  below  redness  1 
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it  is  resolved  into  metallic  arsenic  and  a  mLxtnre  of  2  vols,  methane 
and  1  vol.  ethene:  2As2C2H|)=As4  +  2CH4  +  C2H4. 

Cacodyl  instantly  takes  fire  when  poured  out  into  air  or  oxygen  or 
chlorine.  With  very  limited  access  of  air  it  throws  off  white  fumes, 
passing  into  oxide  and  ultimately  into  cacodylic  acid  :  it  combines 
also  directly  with  sulphur.  It  can  take  up  2  atoms  of  a  monad  or 
1  atom  of  a  dyad  element,  forming  compounds  like  the  chloride, 
As2(CH3)^Cl2  =  2As(CH3)2Cl,  and  the  oxide,  As,(CH3),0,  in  which 
the  arsenic  is  trivalent ;  or  again,  6  atoms  "of  a  monad  or  3 
atoms  of  a  dyad  element,  forming  compounds  like  the  trichloride, 
As2(CH3),Cle  =  2As(GH3)2Cl3,  in  which  the  arsenic  is  quinquivalent. 
These  last  mentioned  bodies  are  the  most  stable  of  all  the  cacodyl 
compoimds. 

Cacod7jl  Chloride  or  Arsen-chlorodimethide,  As(CH3)2Cl,  is  obtained 
by  distilling  alkarsia  with  strong  hydrochloric  acid,  or  better,  bv 
mixing  the  dilute  alcoholic  solutions  of  alkarsin  and  mercuric  chlo- 
ride, distilHng  the  resulting  precipitate  of  cacodylic  chloromercurate, 
As2(CH3)40.2HgCl2,  with  very  strong  hydrochloric  acid,  and  digest- 
mg  the  distillate  for  several  days  in  a  sealed  bulb  apparatus  with 
calcium  chloride  and  quicklime,  and  finally  distilling  it  in  an 
atmosphere  of  carbon  dioxide. 

_  Cacodyl  chloride  is  a  colourless  liquid  which  does  not  fume  in  the 
air,  but  emits  an  intensely  poisonous  vapoiu-.  It  is  heavier  than 
water,  insoluble  in  that  liquid  and  in  ether,  but  easily  soluble  in 
alcohol.  The  boiling  point  of  this  compound  is  a  little  above  100° ; 
Its  vapour  is  colourless,  spontaneously  inflammable  in  the  air,  and 
has  a  density  of  4-56.  Dilute  nitric  acid  dissolves  the  chloride 
without  change  ;  with  the  concentrated  acid  ignition  and  explosion 
occur.  Cacodyl  chloride  combines  with  cuprous  chloride,  forming 
a  white,  insoluble,  crystalline  double  salt,  containing  As2(CH3)4Cl2. 
CU2CI2;  also  with  cacodyl  oxide.  It  forms  a  thick,  viscid  hy- 
\mu^^n7  ^^^J'^'^^^^^^  by  calcium  chloride.  Cacodyl  trichloride, 
'^s(CH3)2Gl3,  is  produced  by  the  action  of  phosphorus  pentachloride 
on  cacodylic  acid : 

As(CH3)20(OH)  +  2PCI5  ==  As(CH3)2Cl3  +  2POCI3  +  HCl ; 

also  by  the  action  of  chlorine  gas  on  the  monochloride.  Prepared 
oy  the  hrat  method,  it  forms  splendid  large  prismatic  crystals,  which 
are  instantly  decomposed,  between  40°  and  50°,  into  methyl  chlo- 
ncle  and  arsen-monomethyl  chloride : 

As(CI-l3)2Cl3  =  CH3CI  +  As(OH3)Cl2. 

Cacodyl  Iodide,  As(CH3)2l,  is  a  thin,  yellowish,  heavy  liquid,  of 
ottensive  odour,  prepared  Ijy  distilling  alkarsin  with  strong  solution 
01  hydriodic  acid.  A  yellow  crystalline  oxyiodide  is  formed  at  the 
same  time.    Cacodyl  bromide  km\  fluoride  have  also  Ijeen  obtained. 

Cacodyl  Cyanide,  As(CH3)2GN,  is  easily  formed  by  distilling 
alkar.nn  with  strong  hydrocyanic  acid,  or  mercuric  cyanide.  Above 
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33°  it  is  a  colourless,  ethereal  liquid,  but  below  that  temperature  it 
crystallises  in  colourless  four-sided  prisms,  of  beautiful  diamond 
lustre.  It  boils  at  about  140°,  and  is  but  sHgbtly  soluble  in  water. 
It  takes  fire  only  when  heated.  The  vapour  of  this  substance  ls 
most  fearfully  poisonous :  the  atmosphere  of  a  room  is  said  to  be  so 
far  contammated  by  the  evaporation  of  a  few  grains  of  it  as  to  cause 
instantaneous  numbness  of  the  hands  and  feet,  vertigo,  and  even 
unconsciousness. 

Cacodyl  Oxide,  AsaCCHa)^©,  is  formed  by  the  slow  ojadation  of 
cacodyl.  When  air  is  allowed  access  to  an  aqueous  solution  ot  al- 
karsin,  so  slowly  that  no  sensible  rise  of  temperature  foUow^s,  that 
body  is  gradually  converted  into  a  thick,  syrupy  liqiud,  full  ot 
crystals  of  cacodylic  acid.  On  dissolving  this  mass  m  water,  and 
distilling,  water  having  the  odour  of  alkarsin  passes  over,  and  after- 
wards an  oily  liquid,  which  is  the  cacodyl  oxide.  Impure  cacodylic 
acid  remains  in  the  retort. 

Cacodyl  oxide,  purified  by  rectification  from  caustic  baryta,  is  a 
colourless,  oily  liquid,  having  a  pungent  odour,  sparingly  soluble  m 
water,  solidifying  at  -  25°,  and  boiling  at  150°.  It  strongly  resembles 
alkarsin  in  odour,  in  its  relations  to  solvents,  and  in  the  greater 
number  of  its  reactions  ;  but  it  neither  fumes  in  the  air,  nor  takes 
fire  at  common  temperatures :  its  vapour  mixed  with  air,  and  heated 
to  about  88°,  explodes  with  violence.  It  dissolves  in  hydi-ochloric, 
hydrobromic,  and  hydiiodic  acids,  forming  chloride,  bromide,  and 

iodide  of  cacodyl.  •, .    . ,       i  , 

Cacodyl  dioxide,  As2(CH3)402,  is  the  thick  syrupy  hquid  produced 

by  the  sldw  oxidation  of  cacodyl  or  of  alkarsm.    It  is  decomposed 

by  water,  and  then  yields  a  distillate  of  cacodyl  monoxide,  with  a 

residue  of  cacodyUc  acid : 

2AS2(CH3),02  +  H^O  =  As2(CH3)40  -1-  2 As(CH3)20(OH) . 

Cacodylic  or  Dimethyl-arsenic  Acid,  jj^c^-^^^OH'  caUed 

Alhargen. — This  is  the  ultimate  product  of  the  action  of  oxygen  at  a 
low  temperature  upon  cacodyl  or  alkarsin  in  presence  of  water :  it 
is  best  prepared  by  adding  mercuric  oxide  to  alkarsin,  covered  with 
a  layer  of  water  and  artificially  cooled,  untU  the  mixture  loses  aU 
odour,  and  afterwards  decomposing  any  mercuric  cacodylate  that 
may  have  been  formed,  by  the  cautious  addition  of  more  alkarsin. 
The  liquid  yields,  by  evaporation  to  dryness  and  solution  in  alcohol, 
crystals  of  cacodylic  acid.  The  sulphide  and  other  compounds  of 
cacodyl  yield  the  same  substance  on  exjiosure  to  au\  Cacodylic  acid 
forms  brilliant,  coloiu'less,  brittle  crystals,  which  have  the  form  of 
a  modified  square  prism :  it  is  permanent  in  dry  air,  but  deliquescent 
in  a  moist  atmosphere.  It  is  not  at  aU  poisonous,  though  it  contains 
more  than  50  per  cent,  of  arsenic.  It  is  very  soluble  in  water  and 
in  alcohol,  but  not  in  ether:  the  solution 'has  an  acid  reaction. 
"When  mixed  with  alkailis  and  evaporated,  it  leaves  a  gummy  amor- 
phous mass.    With  the  oxides  of  silver  and  mercury,  on  the  other 
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hand,  it  yields  crystallisable  compounds.  It  unites  with  cacodyl 
oxide,  and  forms  a  variety  of  combinations  with  metallic  salts. 
Cacodylic  acid  is  exceedingly  stable :  it  is  not  affected  by  red  fuming 
nitric  acid,  nitromuriatic  acid,  or  even  chromic  acid  in  solution :  it 
may  be  boiled  with  these  substances  without  the  least  change.  It 
is  deoxidised,  however,  l^y  phosphorous  acid  and  stannovis  chloride, 
yielding  cacodyl  oxide.  Dry  hydriodic  acid  gas  decomposes  it,  with 
production  of  water,  cacodyl  iodide,  and  free  iodine.  With  dry 
hydrochloric  acid  gas,  or  with  the  concentrated  aqueous  acid,  caco- 
dyhc  acid  unites  directly,  forming  the  compound  As(CH3)202H.HCl. 
But  by  exposing  cacodylic  acid  for  a  long  time  to  a  stream  of  hydro- 
chloric acid  gas,  arsen-monomethyl  dichloride  is  obtained, 
together  with  water  and  methyl  chloride : 

As(CH3)202H  +  3HCI  =  As(CH3)Cl2  +  2H2O  +  CH3CI. 

Phosphorus  pentachloride  converts  cacodylic  acid  into  cacodylic 
tricliloride  (p.  231). 

Cacochjl  Sulphide,  As2(CH3)4S,  is  formed  by  adding  barium  sulphide 
to  crude  cacodyl,  or  by  distilling  barium  sulphydrate  with  cacodyl 
chloride.  It  is  a  transparent  Liquid  which  retains  its  fluidity  at 
—  40°,  and  boils  at  a  temperature  considerably  above  100°. 

Cacochjl  disulphide,  As2(CH3)4S2,  is  formed  by  the  action  of  sul- 
phur on  cacodyl  or  the  monosuljjhide,  or  by  treating  cacodylic  acid 
with  sulphuretted  hydrogen  in  a  vessel  externally  cooled.  It 
separates  from  the  solution  in  large  rhombic  crystals.  Its  alcoholic 
solution  yields  with  various  metaUic  solutions,  precipitates  con- 
sisting of  salts  of  thiocacody lie  acid,  As(CH3)2S(SH),  analogous 
to  cacodylic  acid.  The  lead  salt,  As2(CH3)4S4Pb,  forms  small  white 
crystals. 

Arsenmonomethyl,  As(CIl3). — This  radicle,  which  is  not 
known  in  the  separate  state,  is  either  bivalent  or  quadrivalent. 
Its  dichloride,  As(CH3)Cl2,  is  produced  either  by  the  decom- 
position of  cacodyl  trichloride  by  heat  :  As(CH3)2Cl3  =  As(CH3)Cl2 
+  CH3CI;  or  by  the  prolonged  action  of  hydrochloric  acid  on 
cacodylic  acid.  It  is  a  colourless,  heavy  mobile  liquid,  having 
a  strong  reducing  power ;  it  boils  at  133°.  Its  vapour  exerts  a 
most  violent  action  on  the  mucous  membranes;  on  smelling  it, 
the  eyes,  nose,  and  whole  face  swell  up,  and  a  peculiar  lancinatiiig 
pain  is  felt,  extending  down  to  the  throat.  The  tclrachloride, 
As(CH3)Cl4,  is  obtained  in  large  crystals  by  passing  chlorine  over 
a  mixture  of  the  dichloride  and  carbon  bisulphide  cooled  to  -10°. 
ft  is  very  unstable,  decomposing  even  near  0°  into  methyl  chloride 
and  arsenioua  chloride,  AsClj.  There  is  also  a  chlorobromide, 
As(CH3)ClBr,  and  a  fli-iodide,  As(CH3)l2. 

The  ox%de,  Aii{Cii^)0,  obtained  by  decomposing  the  dichloride  with 
potassium  carbonate,  forms  large  cubical  crystals,  soluble  in  water,  alco- 
hol, and  ether,  and  resolved  by  distillation  with  potash  into  arsenioua 
oxide  and  cacodyl  oxide  :  4As(CH3)0  =  As^Og-l- AsaCCHa)^^ 
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Arsenmethylic  Acid,  As(CH3)0(OH)2,  is  obtained  as  a  ■barium- 
salt  by  decomposing  arsenmethyl  dichloride  with  a  slight  excess  of 
sUver-oxide ;  and  this  salt,  decomposed  by  siilphuric  acid,  yields 
the  acid,  which  remains  on  evaporation  in  the  form  of  a  laminated 
mass.    It  is  bibasic. 

Arsenmethyl  sulphide,  As(CH3)S,  is  obtained  as  a  white  mass  by 
passing  hydrogen  sulphide  over  the  dichloride. 

On  comparing  the  combining  or  equivalent  values  of  the  several 
arsenides  of  methyl,  it  will  be  seen  that  they  all  unite  with  ele- 
mentary bodies  and  compound  radicles,  in  such  proportions  as  to 
form  compounds  in  which  the  arsenic  is  either  trivalent  or  quin- 
quivalent, the  last-mentioned  compounds  being  by  far  the  most 
stable.    Thus : 

Arsenmonomethyl,  As(CH3),  is  bi-  and  quadri-valent,  forming 
the  chlorides  As(CH3)Cl2  and  As(CH3)Cl4. 

Arsendimethyl,  As(CH3)2,  is  uni-  and  tri-valeut,  forming  the 
chlorides  As(CH3)2Cl  and  As(CH3)2Cl3. 

Arsentrimethyl,  As(CH3)3,  is  'bivalent  only,  and  forms  the 
chloride  As(CH3)3Cl2. 

Arsentrimethylium,  or  Tetramethylarsonium,  As(CH3)4,  is  vmi- 
valent,  forming  the  chloride  As(CH3)4Cl. 


ANTIMONT-BASES  OR  STIBINES. 

Of  these  only  the  tertiary  bases  and  the  corresponding  stibonium- 
compoimds  are  known. 

Triethylstibine  or  Stibethyl,  Sb(C2Ha)3,  is  obtained  by 
distilling  ethyl  iodide  with  an  alloy  of  antimony  and  potassium.  It 
is  a  transparent,  very  mobile  liquid,  having  a  penetrating  odour  of 
onions.  It  boils  at  158°.  In  contact  mth  atmospheric  air,  it  emits 
a  dense  white  fume,  and  frequently  even  takes  fire,  burning  with  a 
white  brilliant  flame.  It  is  analogous  in  many  of  its  reactions  to 
triethylamine,  but  has  much  more  powerful  combining  ten^lencies, 
imiting  readily  with  2  atoms  of  chlorine,  bromine,  or  iodine,  and 
1  atom  of  oxygen  or  sulphur,  thereby  forming  compounds  in  which 
the  antimony  is  quinquivalent,  such  as  Sb(C2H6)3Cl2,  Sb(C2H5)30, 
&c.  The  same  tendency  to  act  as  a  bivalent-radicle  is,  however, 
exhibited  by  triethylamine,  which,  though  it  does  not  unite  directly 
with  elementary  bodies,  can  nevertheless  take  up  a  molecule  of 
hydrogen  chloride,  ethyl  iodide,  &c.,  likewise  producing  compoimds 
in  which  the  nitrogen  is  quinquivalent,  e.g., 

N(C2H,)3HC1,  N(C2H,)3(C2H,)I,  &c. 

StihetMjl  oxide,  Sb(C2Hr,)30,  forms  a  viscid,  transparent,  bitter, 
non-poisonous  mass,  soluble  in  water  and  alcohol ;  not  volatile  mth- 
out  decomposition.  Treated  with  acids,  it  forms  crystallisable  salts 
containing  2  molecules  of  a  monatomic  or  1  molecule  of  a  diatomic 
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acid  radicle,  e.g.:  Sb(C2Hft)3(N03)2,  Sb(C2H5)3S04,  &c.  The  sulphide, 
811(02115)38,  forms  beautiful  crystals  of  silvery  lustre,  soluble  in 
water  and  alcohol.  Their  taste  is  bitter,  and  theii-  odour  similar  to 
that  of  mercaptan.  The  solution  of  this  compound  exhibits  the 
deportment  of  an  alkaline  sulphide :  it  precipitates  metals  from  their 
solutions  as  sulphides,  a  soluble  salt  of  stibethyl  being  formed  at 
the  same  time.  This  deportment,  indeed,  affords  the  simplest 
means  of  preparing  the  salts  of  stibethyl.  The  chloride,  8b(C2H5)3Cl2, 
is  a  colourless  liquid,  having  the  odour  of  turpentine  oil.  The 
iodide,  Sb(C2H5)3l2,  forms  colourless  needles  of  intensely  bitter  taste. 

The  analogy  of  trie  thy Istibine  to  triethylamiue  is  best  exhibited 
in  its  deportment  with  ethyl  iodide.  The  two  substances  combine, 
forming  tetrethylstibonium  iodide,  Sb(C2H5)4l,  from  which 
silver  oxide  separates  a  powerful  alkaline  base  analogous  to  tetre- 
thylanmionium  hydroxide : 

N(C2H,),(0H)  Sb(C2H5),OH. 

A  series  of  analogous  substances  exists  in  the  methyl  series.  They 
have  been  examined  by  Landolt,  who  has  described  several  of  their 
compounds,  and  separated  the  methyl-antimony-base  analogous  to 
tetramethylammonium  hydrate. 

The  iodide,  Sb(CH3),,I,  produced  by  the  action  of  methyl  iodide 
upon  trimethylstibine,  Sb(CH3)3,  crystallises  in  white  six-sided 
tables,  which  are  easily  soluble  in  water  and  alcohol,  and  slightly 
soluble  in  ether.  It  has  a  very  bitter  taste,  and  is  decomposed  by 
the  action  of  heat.  When  treated  with  silver  oxide,  it  yields  a 
powerfully  alkaline  solution,  exhibiting  all  the  properties  of  potash, 
trom  which,  on  evaporation,  a  white  crystalline  mass,  the  hydroxide 
of  tetramethyktihonium,  (OH),  crystallises.  This  compound 

lorms  an  acid  sulphate,  8b(CH3)4804H,  which  crystallises  in  tables. 

_  Bismethyl  or  Triethylbismuthine,  Bi(C2H5)3,  analogous 
m  composition  to  triethy Istibine  and  triethylarsine,  is  formed  by  the 
action  of  ethyl  iodide  on  an  alloy  of  bismuth  and  potassium,  and 
18  extracted  from  the  residue  by  ether.  It  is  a  yellow  liquid  of 
specific  gravity  1-82,  has  a  most  nauseous  odour,  and  emits  vapours 
which  take  fire  in  contact  with  the  air.  It  imites  with  oxygen, 
chlorine,  bromine,  iodine,  and  nitric  acid. 


DIATOMIC  HA8ES  OF  THE  PHOSPHORUS  AND  ARSENIC  SERIES. 

The  action  of  ethene  bromide  on  triethylphosiihine  gives  rise  to 
the  formation  of  two  crystalline  bromides,  according  to  the  pro- 
portions in  which  the  substances  are  l)rought  in  contact.  These 
2r7"H  fp'"  n  ^''<".»T'Br2  =  (C2H,),P  +  C2H.,Br2  and  C,,n3  P2Br,= 
^Y'i'^^T,)^^  +  (j2n,^yj,T,^.  The  first  ot  these  comixmnds  in  tlie  liromide 
ot  a  phosphoninni  in  which  3  atoms  of  hyth'ogen  are  replaced  by 
ethyl  and  1  atom  by  the  univalent  radicle  bromethyl,  CaH^Br, 
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namely,  [(C2H4Br)(G2H5)3P]Br.  HaK  the  bromine  in  this  salt  is 
unaffected  by  the  action  of  silver-salts  ;  it  may  accordingly  be 
designated  as  bromide  of  hroinethyl-tridh%jl-'phosphonmm.  Numer- 
ous salts  of  this  compound  are  known,  but  the  free  base  cannot  be 
obtained,  since  silver  oxide  eliminates  the  latent  bromine,  giving 
rise  to  the  formation  of  a  base  containing  [C2H50)(C2H5)3P]OH. 
The  second  compound  is  the  dibromide  of  ethene-hexethyl-diplios- 
phonium,  [(C2H4)(C2H5)gP2]Br2.  This  radicle,  analogous  to  diam- 
monium,  N2H81  forms  a  series  of  very  stable  and  beautiful  salts, 
especially  an  iodide,  which  is  difficultly  soluble  in  water.  In  all 
these  salts  the  base,  wliich  is  composed  of  1  atom  of  ethene,  6  atoms 
of  ethyl,  and  2  atoms  of  phosphorus,  is  united  with  2  equivalents 
of  univalent  acid  radicle ;  the  platinum-salt  contains  (C2H4)(C2H5)g 
P,Br2PtCl4.    The  very  caustic  and  stable  base  has  the  composition 

[(C2H,)(C2H,)«P2](OH)2.  ^  ^ 

The  dibromide  of  ethene-hexethyl-diphosphonium  may  be  formed 
by  the  action  of  triethylphosphine  upon  the  brominated  bromide 
which  has  been  mentioned  as  the  fii'st  product  of  the  action  of 
ethene  dibromide  upon  triethylphosphine:  C8Hi9PBr2.(C2H5)3P  = 
C^4H34P2Br2.  If  the  triethylphosphine  be  replaced  Ln  this  process 
by  ammonia  or  by  monamines  in  general,  or  by  monarsines,  an 
almost  unlimited  series  of  diatomic  salts  may  be  formed,  in  which 
phosphorus  and  nitrogen  or  phosphorus  and  arsenic  are  associated. 

Thus  the  action  of  ammonia,  of  ethylamine,  and  of  triethylarsine, 
gives  rise  respectively  to  the  following  compoimds : 

""LlSr™'"'':  i  [(C.HJ(OA),H.PN]Br,. 

Dibromide  of  Ethene-hexethyl-  )  tt       tt  \  -d  a  td„ 

phospharsonium,    .    .    .   .\  [(P2B-^)(.^2S-o)oP^^ll^h- 

Treated  with  silver  oxide  those  bromides  yield  the  very  caustic 
diatomic  bases — 

Hydroxide  of  Ethene-triethyl-  )  ^  - ,       .  tt  pnYOH'Io 

phosp.hammonium,    .    .    .]  l{'^2'^iK^2^[,)3'^3f^^A'->"-)2- 

'''^Sitl^^T""''"':  I  [(CW(OA),H,PN](OH),. 

^^/h'^:!!'.;-'"''":'': !  kc.hj(c,h.).pas](oh),. 

The  arsenic  bases,  when  submitted  to  the  action  of  ethene  di- 
bromide, give  rise  to  perfectly  analogous  results.  The  limits  of 
this  Manual  will  not  premit  us  to  examine  these  compounds  in 
detail. 


BORON-COMPOUNDS  OF  ALCOHOL  RADICLES. 


237 


OEGANO-BORON  COMPOUNDS. 

Boric  TrietHide  or  Borethyi,  BiC.^^)^,  discovered  by 
Frankland  is  obtained,  together  with  zinc-ethoxide,  by  treatiii^ 
tnethylic  borate  with  zinc-ethide :  ^f-dimg 

B(0CA)3  +  3Zn(C,H,),  =  3Zii(0C,H,),  +  B(C,H,)3. 

It  is  a  colourless,  mobile  liquid,  having  a  pungent  odour,  irritating 
the  eyes,  of  sp.  gr.  0-696  at  23°,  and  boiling  at  95°.  BoSyH? 
insoluble  m  water,  but  very  slowly  decomposed  when    eft  in 
prolonged  contac  with  it.    When  exposed  to  the  air-  it  tekes  fire 
burning  with  a  beautiftd  ^een  and  somewhat  smoky  flame  it 
combines  mth  ammoma  Forming  the  compound  NH,B(c!h) 
By  the  gradual  action  of  dry  air,  and,  ultimately  of  dryoxytt 
borethyl  is^converted  mto  the  diethyUc  ether  of  ethyl  boric  Idd,' 
(C2H5)B<Q^2 jjo^  a  liquid  boiling,  with  partial  decomposition  be- 
tween 95°  and  115°,  but  distilKng  imchanged  under  reduced  pres 
sure.    In  contact  with  water  this  liq  uid  is  rmmediatel  v  t^f^f^  ^  i 
into  ethylboric  acid,  (C2H5)B(OH)2  "mediately  transformed 

BJCnVmoVf 'i7'''iV\'^!-'^'*  Ethopentethylate), 

^^^^^^^  '  0,  boi/ethe^ 

2B(OC,H,)3  +  Zn(CW.).  =  Zn<C.H^^  +  13.(C,H,)(0C,F,), . 

It  is  a  colourless,  mobile  liquid,  boiling  at  about  120°  n-nA  „ 
m°T^697H ''^if 'b-       -P°--^en.sil7f tfketttw  en  ll'Cd 
eating  that  the  compound,  m  passing  from  the  lir.nul  tnihl 
state,  IS  broken  up  into  diethyL  ethylbor^  andCic  etlle^ 

B,(C,H,)(0C<H,),  .  (C,H,)B(0C,H,),  =  B(0C,H,)3, 
mst  as  sal-ammoniac,  NH.Cl,  is  resolved  by  heat  inf  o  NW  .r.^ 
HCl  which  together  occup^).  four  volumes  S  vapouT  Ci  A 

S  lcilT'l'^t         '^^^^^^         ammSoZri?-  mShidt 
i^ti3.iJ(LH3)3,  which  IS  resolved  by  heat  into  NH,  and  BCC'H  \ 

fo^™  W'P"",  ^lecomposii:/ii"!ing^aK 
0  tw  J    I     "°'ler  consideration  have  a  coustitut  on  analocrous 

On  th?«?      ll  into  combinali.ni  also  us  a  pentatl 

ethonenti  r       '^""■''titution  of  ammonioboric  methide  and  liE  'c 
ethopentethoxide  may  be  represented  by  the  following  formula : 
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NH3  (C,H,)B(OC,H,), 


B(CH3)3  B(0C,H,)3 

In  contact  with  water  diborie  ethopentethoxide  is  immediately  de- 
composed into  boric  acid,  ethyl-boric  acid,  and  alcohol: 
B,(C,H,)(OC,H,),  +  5H,0  =  B(0H)3  +  (C,H,)B(OH),  +  5C,H,(0H) . 

Boric  Diethylethoxide,  {C,li,\B{OGJl,),  is  produced  by  boil- 
ing boric  ether  with  2  molecules  ol  zinc  ethide  : 
B(0CA)3  +  2Zn(C,H,),  =  2Zn<g^||j^  +  (C,H,),B(00  H,) . 

When  purified  by  distiUation  in  an  atmosphere  of  carbon  dioxide, 
it  is  a  colourless,  mobile  pimgeut  liquid  boiling  at  102°,  and  having 
(at  135-5°)  a  vapoiu--density  of  56-5  (H  =  l),  mclicatmg  a  normal 
two-volume  condensation.  It  takes  fire  in  the  air,  and  bums  with 
a  green  flame.  Exposed  to  dry  air  and  then  to  oxygen,  it  oxidises 
to  boric  ethylodiethoxide,  (C2H5)B(OC2H5)2 . 

Boric  Diethylhydr oxide,  (C2H,)2B(OH),  formed  by  agitating 
boric  diethyl-ethoxide  with  water,  is  a  spontaneously  inflammable 
ethereal  liquid,  resembling  boric  ethide,  and  decomposmg  when 
distilled.  „p  „ 

Boric  Ethyl-hydroxethoxide,  {G,-K^B<^^  5,  is  formed  by 
exposing  the  last  compound  in  a  cooled  vessel  to  a  slow  current  of 
dry  air.  It  is  liquid  at  ordinary  temperatures,  but  solidifaes  below 
8°  to  a  white  crystalline  body  smelling  Hke  borethide,  and  havmg  a 
pungent  taste.  It  is  rapidly  decomposed  by  water  mto  ethylboric 
acid  and  alcohol : 

(C2H5)B(OH)(OC2H5  +  H2O  =  (C2H5)B(OH)2  +  C^H.OH. 
It  is  not  spontaneously  inflammable,  and  cannot  be  distilled  under 
ordinary  atmospheric  pressure  without  decomposition. 

Boric  Trimethide  or  Bor-metliyl,  B(CH3)3,  obtained  like 
ethyl-compound,  is  a  colourless  gas,  which  condenses  to  a  liquid 
at  low  temperatures.  It  unites  with  ammonia,  forming  the  com- 
pound H3N=B(CH3)3. 


ORGANO-SILICON  COMPOUNDS. 
Silicon  is  a  tetrad  element,  and  forms  vnth  alcohol-radicles  com- 
poimds  bearing  a  very  close  analogy  to  the  hydrocai-bous. 

Silicic-Tetramethide,  Si(CH3)^,  is  produced  by  heating 
silicon  tetrachloride  with  zinc  methide  : 

SiCl^  -1-  2Zn(CH;)2  =  2ZnCl2  +  Si{CR^i. 
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It  is  a  mobile  liquid,  which  boils  at  30°,  is  not  decomposed  by  water 
and  reacts  generally  like  a  hydrocarbon,  viz.,  tetramethyl-methane.' 

Silicic  Tetrethide,  Si(C2H5)„  prepared  like  the  methyl-com- 
pound, IS  a  hqmd  boiling  at  153°.     With  chlorine  it  yields  the 

monochlorinated  derivative,  Si  j  gJ^^J ,  which  boil.s  at  ].85°  and 
reacts  exactly  like  the  chloride  of     hydi-ocarbon,  being  converted 


by  potassiiun  acetate  into  the  acetic  ether,  Si  f  ^.^W^^^  tt  ^^  j 
which  boils  at  211°  and  is  decomposed  by  alkalis  into  acetic  acid, 
and  an  alcohol  having  the  composition  Si  j  .    This  alcohol 

is  a  liquid  insoluble  in  water,  and  boiling  at^l90°. 

SiUcic  tetrethide  and  its  derivatives  maybe  regarded  as  nonyl- 
compounds  m  which  1  atom  of  carbon  is  replaced  by  silicon  ;  thus  : 

.    Si(C2H5),  =  SiCgHao  Silicononane, 

(  (C  H-) 

I  CaH^Cl  =  SiCgHiflCl  ....  Silicononyl  cliloride, 

^^icAfaC^H^O  =  SiC«Hi3(O.C2H30)        „  acetate, 

^Hc™(3h)  =  SiC3H,„(0H)  „  alcohol. 

Ethylated  Silicic  Ethers.— When  normal  silicic  ether 
Si(OC2H5)4,  is  heated  with  ziuc-ethyl  and  sodium,  one  or  all  of  the' 
ethoxyl-groups  are  replaced  by  ethyl,  the  product  being  a  nuxtui-e  of 
mono-,  cU-,  and  tnethylated  silicic  ethers,  and  siUcic  tetrethide, 
Which  may  be  separated  by  fractional  distillation. 

oxul'^/Pi'^^nrv^^^-"'  ^p^'^.W^^^^^^'  «^  Silicoheptyl-ethyl 
muie,  biOgHis.U.OaHf,,  is  a  liquid,  of  specific  gravity  ()-841  at  0° 
boiling  at  153°,  insoluble  in  water.  Treated  with  acetic  anhydride' 
It  yields  an  acetic  ether,  convertible  by  the  action  of  potash  into 
Jr'  «^li«on-hydroxide,  (C2H5)3Si(OH),  which  is  a  tertiary 
8U1C1C  alcohol,  analogous  to  triethyl-carbinol,  and  is  hence  called 
tnethyi-silicol.  It  is  a  colourless,  oily  liquid,  smeUing  like 
camphor,  insoluble  in  water,  boiling  at  154°. 

Diethylsilicic  ether,  (C2H5)2Si(OC2Hr,)2,  isa  fragrant  liquid,  in- 
soluble in  water,  l,oiling  at  155-8°,  and  having  a  specific  gravity  of 
u»75  at  0  .  When  heated  with  acetyl  chloride,  it  yields  the  com- 
pounds (C2H,)2Si(;OC2H,)Cl  and  (C2H,)2SiCl2.  The  latter  is  a 
luming  bquid,  boiling  at  148°,  and  converted  bv  water  into  diethyl- 
suicic  oxide  (C2H6)2SiO,  analogous  to  tUethyl  ketone,  {C^ll^).j,CO. 

Monethyl  silicic  ether,  (C2Hfi)Si(OC2H,)3,  is  a  liquid  smelling 
UKe  camphor,  Ijoiling  at  159°,  slowly  decompf)sed  by  water.  Heated 
with    acetyl    chloride,  it    yields    ethylsilicon  trichloride, 
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(CoHfi)SiCl3,  a  strongly  fuming  liquid  which  hoils  at  100°,  and  is 
converted  by  water  into  ethylsilicic  or  silicopropionic 
acid,  OoHj.SiO.OH.  This  acid  is  a  M'hite  amorphous  powder,  whicti 
smoidders  away  when  heated  in  the  air,  and  dissolves  in  aqueous 
potash  and  soda  forming  silico-propionates. 


OEGANO-METALLIC  COMPOUNDS. 
The  name  is  especially  applied  to  compounds  of  alcohol-radicles 
with  metals  not  belonging  to  the  pentad  group.  Those  containing 
the  more  basic  metals,  such  as  zmc,  are  formed  by  the  direct  action 
of  the  metals,  or  better,  of  theix  sodium  alloys,  on  the  alcoholic 
iodides ;  e.g., 

ZnNaa    +    20^^,1    =    2NaI    +  ZniC^Jl,)^ 
Zinc-sodium.  Zi"<=  ^thide. 

Those  containing  the  less  basic  metals  (tin,  lead,  &c.)  are  produced 
by  the  action  of  organo-zinc  or  mercury-compounds  on  metaUic 
chlorides;  e.g., 

SnCl4  -1-  2Zn(C2H5)2  =  2ZnCl2  -1-  SnCC^Hg),. 
PotassiumEthide,  C2H5K,  and  Sodium  Ethide,  aHgNa, 
are  known  only  in  combbiation  or  mixture  with  zinc  ethide,  m 
which  state  they  are  obtained  by  the  action  of  potassium  or  sodium 
on  zinc  ethide.  These  compouuds  and  their  homologues,  discovered 
by  Wanklyn,  have  played  an  important  part  in  chemical  syn- 
thesis. They  absorb  carbon-dioxide,  producing  salts  of  the  fatty 
acids : 

CaHgNa    +    CO,    =  C,R,.CO,l^a. 

Sodium  propionate. 

By  the  action  of  carbon  monoxide  they  axe  converted  into  ketones: 
2C2H5Na  4-  CO  =  Nag  +  {GMs)2C0. 
Magnesium  Ethide,  Mg(C2H5)2.  —  When  ethyl  iodide  is 
heated  with  magnesium  filings  in  a  vessel  from  M^hich  the  air  is 
excluded,  magnesium  ethiodide  is  formed  in  the  hi-st  instance 
according  to  the  equation : 

Mg    +    C2H5I    =  Mg<f2H6. 

and  this  compound,  when  heated,  is  resolved  into  iodide  and 
ethide ; 

2Mg<^2Hfi    _  ^  Mg(C2H5)2. 

Magnesium  ethide  is  a  liquid  which  takes  fire  spontaneously  in  the 
air,  and  is  rapidly  decomposed  by  water,  with  formation  of  ethane : 

Mg(C2H6)2  +  H2O  -  2C2H0  +  MgO. 
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Zinc  Ethide  or  Zinc-ethyl,  Zn(C.^X  is  formed  by 
lieatmg  ethyl  iodide  with  zmc  m  a  sealed  glass  tube,  or  for  lair^er 
quantities,  in  a  strong  and  well-closed  copper  cylinder.  The  re- 
action takes  place  in  the  same  manner  as  with  magnesium,  zinc 
ethiodide,  Zn(G2H,)I,  being  fonned  in  the  first  instance  as  a  white 
crystaiiine  mass,  which  when  distiUed  in  an  atmosphere  of  hydroo-en 
IS  resolved  into  zinc-iodide  and  zinc-ethide,  the  latter  distillincr  over' 
Zmc-ethide  is  is  a  mobile  and  very  volatile  disagreeable-smellino- 
hqmd  haying  a  specific  gravity  of  1-182,  and  boiling  at  118".  It 
taJ^es  tire  mstantly  on  coming  in  contact  with  the  air,  diffusing  white 
times  of  zmc  oxide.  ^Fater  decomposes  it  violently,  with  fomation 
01  zmc  hydroxide,  and  evolution  of  ethane : 

ZniCJI,)^  +  2H2O  =  ZnH^Oa  +  ^C^H^. 

When  gradually  mixed  with  di-y  oxygen,  it  passes  through  two  stages 

of  oxidation,  yielding  first  zinc-ethyl-ethoxide,  Zn  {  g^H^  ,  and 

filially  zinc-ethoxide,  Zn(OC,H,),.  With  iodine  and  other  halo- 
fnnnl  •  also  takes  place  by  two  stages,  but  consists  in  the 

successive  substitution  of  the  halogen  for  the  ethyl ;  thus : 

■      Zn(C,H,),  +  I,  =  C,H,I  +  Zn(C,H,)I, 
Zn{C,-H,)l  -f       =  C^Hgl  +  Znl,. 

snSfn"  Zii(CH3)2,  prepared  in  like  manner,  is  a  mobile 

spontaneously  mflammab  e  liciuid,  which  boils  at  46°,  and  resembles 
me  ethyl  compound  m  all  its  reactions. 

7^5l°  ^^°P5°Pi^e,  Zn(C3H,)„  boils  at  146°.  Zinc  isopentide,  or 
Zmc  amylide,  Zn(C,H„)„  boUs  at  220°,  and  fumes  strongly  in  the 
air,  but  does  not  take  fire  spontaneously. 

irZ^T  fga"°-zinc  compounds,  discovered  by  Frankland,  are  very 

tSL  ?f  synthesis,  serving  to  effect  the  substi- 

othPr  M  .  '  ^r*'^'  radic  e  ethyl,  &c.,  for  chlorine,  iodine,  and 

cornLn^?  Z""  elements  and  thus  enabling  us  to  build  up  carbon- 

SC..w?°°'r°*^T  ''^^l^-    With  carbon  oxychlonde 

^pnosgene)  they  form  ketones: 

COCl,     +     Zn(CH3),      =      ZnCl,     -f     C0(CH3), ; 
.        _  Acetone. 

also  with  the  chlorides  of  acid  radicles  at  ordinary  temperatures :  6.17., 
2(CH3.C0C1)    +    Zn(CA),    =    ZnCl,    -f  '  2C0<gI§ 


Methyl-ethyl  ketone. 


They  also  serve,  as  already  mentioned,  for  the  preparation  of 
other  organo-metallic  bodies;  e.^., 

3Zn(C,H,),  +  2Asd3   =  3ZnCi;  +  2A8(6X^3 . 
FOWNE8. — VOL  II.  Q 
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Sulphur  didxide  is  absorbed  by  these  zinc-compounds,  with, 
formation  of  the  ziac  salts  of  methyl-  and  ethyl-dithionic  or 
sulphinic  acids  (p.  114).  Nitrogen  dioxide  dissolves  in  zinc- 
ethide,  forming  a  crystalline  compound,  which,  by  the  action  of 
water  and  carbon  dioxide,  is  converted  into  the  zinc  salt  of 
dinitroethylic  acid,  CgHg-NgOgH,  the  structure  of  which  has  not 
yet  been  satisfactorily  made  out. 

Mercuric  Ethide,  Hg(C2H5)2. — This  compound  is  formed  by 
the  action  of  mercuric  chloride  on  zinc  ethide,  but  it  is  more  easily 
prepared  by  the  action  of  sodium-amalgam  on  ethyl  iodide  in  pre- 
sence of  acetic  ether : 

2C2H,I  +  Na^  +  Hg  =  2NaI  -f  TigiC,!!,),. 

The  acetic  ether  takes  no  part  in  the  reaction  ;  nevertheless  its  pre- 
sence appears  to  be  essential. 

Mercuric  ethide  is  a  transparent  colourless  liquid,  boiling  at  159°, 
and  having  a  sp.  gr.  of  2'44.  It  burns  with  a  smoky  flame,  giving 
off  a  large  quantity  of  mercurial  vapour.  Chlorine,  bromine,  and 
iodine  remove  one  equivalent  of  ethyl  from  this  compoimd,  and 
take  its  place,  forming  mercuric  chlorethide,  &c. ;  thus  : 

HgCC^Hs)^  +  C\,    =  C^H^Cl  +  Hg(C2H,)Cl . 

A  similar  action  is  exerted  by  acids,  e.g.,  by  hydrobromic  acid,  the 
products  being  ethane  and  mercuric  bromethide : 

Hg(C2H5)2  -t-  HBr  =  C.K,  +  Ilg{C,R),BT. 

The  chlorethide  or  bromethide  is  converted  by  water  into  mercuric 
ethyl-hydrate,  Hg(C2Hj;)(0H).  Mercuric  ethide  serves  for  the  pre- 
paration of  several  other  organo-metallic  bodies. 

Mercuric  Methide,  Hg(CH3)2,  prepared  by  similar  processes,  is 
a  liquid  slightly  soluble  in  water,  boiling  at  95°,  and  having  a  specific 
gravity  of  3'069. 

Mercuric  Isopentide  or  Amylide,  Hg(C5Hjj)2,  is  a  thick  liquid, 
of  specific  gravity  1-66,  decomposed  by  distillation. 

O  IT 

Mercuric  Allyliodide,  Hg<;  ^     >  produced  by  agitating  aUyl 

iodide  with  mercury,  crystaUises  from  alcohol  in  silvery  laminae, 
melting  at  135°.  With  hydi'ogen  iodide,  it  yields  mercuric  iodide 
and  propene : 

Hg(C3H,)I  +  m  =  Hgl2  +  C,H,, 

Aluminium  Methide,  A1(CH3)3,  AlgCCHg)^.— This  coni- 
pound,  discovered  by  Buckton  and  Odling,  is  formed  by  heating 
mercuric  methide  with  aluminium.  It  is  a  mobile  liquid,  which 
crystallises  at  a  little  above  0°,  and  boils  at  130°.  At  and  above 
220°  the  density  of  its  vapour,  compared  with  that  of  air,  is  2'8, 
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wliich  is  near  to  the  theoretical  density  calculated  for  the  formula 
A1(CH3)3,  namely,  2-5  This  seems  to  show  that  the  true  formula 
of  the  compoimd  is  A1(CH3)3,  and  not  AUCH,),,  and,  consequently, 
that  a  umanium  is  a  triad,  not  a  tetrad  (i.  265).  At  temperatures 
near  the  boiling  pomt,  however,  the  vapour-density  becomes  4-4 
^A^P/n^^*™°  *°       tlieoretical  destiny  calculated  for  the  formula' 

rn^T^"^  ^1(C2H5)2,  or  A1,){C^X  resembles  the 

r/S«TF°™'^\^*  ^'^'.f  1^^°  ^""^  its  vapour  likewise 
exhibits,  at  temperatures  considerably  above  its  boHing  point  a 
density  nearly  equal  to  that  required  by  the  formula  (A1(C,H,)„  for 
a  two- volume  condensation. 

«nJ  in^n°T?\^°'''^^^-~'^'''  forms  two  ethyl-compounds,  SniC^UX 
and  bn{t^U,\,  analogous  to  stannous  and  stannic  chloride  ;  also  a 

ftZp'°p1r'%f         ^.^^I^^H,)^,  analogous  in  constitiltion  to 
emane  C^Hg.    Stannic  ethide  is  a  saturated  compound,  but  the 
other  two  are  unsaturated  bodies,  capable  of  uniting  with  chlorine 
toomine,  oxygen,  and  acid  radicles,  and  being  thereby  converted 
into  compounds  of  the  stannic  type.  o        ^^y  converted 

J''^^17l^lT^^  Sn(C,H,V-When  ethyl  iodide  and  tinfoil 
are  heated  together  m  a  sealed  glass  tube  to  about  150°  or  180° 
ir^^'^i^'  is  "produced,  crystallising  in  JoW 

o  b-rS  T"^^  compound  is  obtained' when  tin  and  ethyl 

^de  are  exposed  to  the  rays  of  the  sun  concentrated  by  a  conca4 
nnjTor.  The  reaction  is  considerably  faciKtated  if  the  tin  be  aUoyed 
Ww'"'^  °^     T'l^\'^  This  iodide  is  decomposed 

etWde^^he^fZ''  7^'^^-  '-f^t^ft^.  the  iodine,  and  leaves  stannous 
the  i  c  ?  ^  f ^^l^  Va"^^^'  insoluble  in  water,  having 

biner£;.H  '''•'iJ  f'T'^'^'i  by  distillation.  Stannous  eth  de  com" 
bines  directly  with  2  atoms  of  chlorine,  iodine,  and  bromine  form- 
abUToxt^f "  r ^'^'Tf  H,),Ci;  &c.  Exposed  tHie  1  r,"t 
absorbs  oxygen,  and  is  converted  into  stannic  oxethide,  Sn-fCoH  )  0 

oxl^'^VS'^^'^ir^^^y?"^  ^'^'^'^  when  t^-eaVefS 

^sS&^o7!;f'-'  ''--'^  - 

JjlZTf-r^T""  ^"2(C,H,)„,  is  always  produced  in 

K  .  ^  r  when  stannous  ethide  is  prepared  by  the  methods 
diSinT     Ti''^-  ''^'^'^y  «^t^in«'l  *n  the  free  state  by 

r  "''r"^  °V  P^'*  of  sodium  and  5  parts  of  tin  with  ethyl 
soktfnr,  n   r  1^  H'-'  "^T  ^ther,  evaporating  tlie  ethereal 

stennfn  '.f  1  exhausting  the  residue  with  alcohol.    Tlie  stannoso- 
B^nmc  ethide,  being  insoluble  in  that  liquid,  then  remains  behind 
bromine  n^T  '^t  180°>  combining  directly  with  chlorine, 

e.g.,  '       '      ^^"^^  two  molecules  of  a  stannic  compound^ 

SnaCC'aH,,)^    -i-    CI2    =    2Sn'-(C2H5)3Cl ; 

Stannic  cliloro-ti  lothido. 
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also  with  oxygen,  forming  distannic  oxy-hexetliicle,  Sn'''2(C2H5)gO . 
This  oxide  is,'  however,  best  obtained  by  distilling  stannic  oxy- 
diethide,  Sn'^(C2Hi;)20  (above  described),  with  potash.  It  is  an  oily 
liquid,  soluble  in  alcohol,  ether,  and  water ;  the  aqueous  solution 
has  a  strong  alkaline  reaction.  It  is  easily  acted  upon  by  oxygen- 
acids,  yielding  the  corresiDonding  sulphate,  Sn2(C2H5)QS04,  &c. 

Stannic  Ethide,  Sn'^(C2H5)4,  is  produced  by  the  action  of  zinc 
ethide  on  stannic  chloride  ;  also  by  the  distillation  of  stannous 
ethide:  aSn(C2H5)2  =  Sn  +  Sn(C2H5)4.  It  is  a  colourless,  nearly 
odourless  liquid,  of  sp.  gr.  ri9,  boiling  at  181°,  and  very  inflam- 
mable, biu-ning  with  a  highly  luminous  flame.  When  treated  with 
chlorine,  bromine,  &c.,  or  with  acids,  it  forms  substitution-pro- 
ducts :  thus,  with  iodine,  it  splits  up  into  ethyl  iodide  and  staimic 
iodotriethide  : 

SniC.B.,),  +  I,  =  C,R,l  +  Sn(C2H5)3l, 

with  strong  hydrochloric  acid,  it  yields  ethane  and  stannic  chloro- 
triethide,  Sn(C2H5)4  -1-  HCl = C2He  -1-  Sn(.C2H5) 3CI. 

Stannous  Methide,  Sn(CH3)2,  and  Stannic  Methide, 
Sn(CH3)4,  resemble  the  corresponding  ethyl  compounds,  and  are 
obtained  by  similar  reactions. 

Plumbic  Ethide,  'Ph(p^'H.^\,  is  produced  by  the  action  of 
plumbic  chloride  on  zinc  ethide  : 

2Zn(C2H5)2  -f-  2PbCl2  =  2ZnCl2  +  Pb  -h  PbCCsHs)^. 

It  is  a  colourless  limpid  liquid,  soluble  in  ether  but  not  in  water. 
When  protected  from  the  air,  it  boils,  with  partial  decomposition, 
at  about  200°.  It  is  not  acted  upon  by  oxygen  at  ordinary  tempera- 
tures, but  chlorine,  bromine,  and  iodine  act  violently  upon  it,  in  the 
same  manner  as  on  stannic  ethide,  forming  plumbic  chloro-ti'iethide, 
Pb(02H5)3Cl,  &c.  Plumbic  ethide  is  interesting,  as  afl'ording  a 
proof  that  lead  is  really  a  tetrad  (p.  308). 


ALDEHYDES. 

These  are  bodies  containing  the  bivalent  group  CO,  associated,  on 
the  one  hand,  with  a  monatomic  alcohol  radicle,  and  on  the  other 
with  hydrogen ;  e.g., 

H— CO— CH3  H— CO— C^Hg 

Acetic  aldeliydo.  Valeric  aldehyde. 

They  are  derived  from  primary  alcohols  by  elimination  of  one  or 
more  molecules  of  hydrogen  (H2;,  Avithout  introduction  of  an  equiva- 
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lent  quantity  of  oxygen,  so  that  they  hold  a  position  intermediate 
between  tJie  alcohols  and  the  acids ;  thus : 


CH3  CH3  CH 


■3 


H2G-O-H  0=C— H  0=C— 0— H 

Ethyl  Acetic  Acetic 

alcohol.  aldehyde.  ucid. 

The  hydrogen  eliminated  in  the  conversion  of  a  primary  alcohol 
mto  an  aldehyde  is  that  which  belongs  to  the  group  CH^OH  ;  conse- 
quently a  monatomic  alcohol  can  yield  but  one  aldehyde  •  but  a 
diatomic  alcohol  can  yield  two,  by  removal  of  H„  and  of  2H„  •  a 
triatomic  alcohol  three,  and  so  on.  At  present,  however,  we  are 
acquamted  only  with  aldehydes  derived  from  monatomic  and  dia- 
tonuc  alcohols. 


Aldehydes  derived  from  Monatomic  Alcohols. 

Of  these  aldehydes  there  are  two  series  belonging  to  the  fattv 
group,  VIZ.  :  00^ 


1. 


Aldehydes,  CnH2nO,  corresponding  with  the  Fatty  acids. 


Formic  aldehyde, 
Acetic  aldehyde. 
Propionic  aldehyde. 
Butyric  aldehyde,  . 
Valeric  aldehyde,  , 


CHgO 
C,H,0 

CgHgO 

C.H^O 
C5H10O 


Caproic  aldehyde,.    .  QJi^^O 

ffinanthylic  aldehyde,  C^Hi^O 
Caprylic  aldehyde,  . 

Euodic  aldehyde,      .  C„tl.,„0. 


2.  Aldehydes,  CiiH2n-20,  corresponding  with  the  Acrylic  acids. 
Acrylic  aldehyde,  or  Acrolein,         .       ,       C  H  0 

Crotonic  aldehyde,  C^H^O 

AH  these  aldehydes  contain  two  atoms  of  hydi'ogen  less  than  the 
correspondmg  alcohols,  and  one  atom  of  oxygen  less  than  the  cor- 
responding acids. 

The  aldehydes  of  the  fatty  groups  are  produced  By  oxida- 
tion (.1  primary  alcohols,  either  by  the  action  of  atmospheric  oxygen, 
or  by  that  ot  a  mixture  of  dilute  sulphuric  acid  and  potassmm 
aichromate  or  manganese  dioxide,  or  Iiy  the  action  of  chlorine  on  tlie 
alcohol  diluted  with  water,  the  chlorine  in  this  case  decomposing 
tUe  water,  and  tlius  acting  as  an  oxidising  agent ;  e.g., 

CH2OH  QOH 

Ethyl  alcohol.  Acetic  aldehyde. 

2.  By  distilling  an  intimate  mixture  of  the  calcium  salt  of  the 
corresponding  acid  with  calcium  formate  ;  e.g., 

uldehydo. 
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3.  By  the  action  of  nascent  hydrogen  on  the  anhydrides  and 
chlorides  (chloranhydrides)  of  the  fatty  acids  : 

CH3.COCI       +       H2       =       HCl       +  CH3.COH 

Acetyl  chloride.  Acetic  aldehyde. 

gg^-CO^O     +     2H2     =     H2O     +  2(CH3.COH). 

Acetic  Anhydride. 

4.  From  the  corresponding  di-halogen  derivatives  of  the  hydro- 
carbons, by  heatmg  with  water,  or  better,  with  lead  oxide  : 

CH3.CHCI2    +    PbO    =    PbClg    +  CH3.CHO. 
Ethidene  chloride. 

5.  By  the  slow  oxidation  of  albuminous  substances  by  means  of 
manganese  dioxide  and  sulphuric  acid. 

Some  of  the  aldehydes  occur  in  the  essential  oils  of  plants. 

The  aldehydes  are  colourless,  neutral,  volatile  liquids,  having  more 
or  less  pungent  odours.  Only  the  lower  aldehydes  are  soluble  in 
water. 

Reactions. — 1.  Aldehydes  are  easily  converted  by  oxidation  into 
the  corresponding  acids,  either  on  exposure  to  the  air  or  by  contact 
with  moist  silver  oxide,  in  the  latter  case  with  reduction  of  metallic 
sUver  : 

CH3.COH  +  3AgOH  -  CH3.CO.OAg  +  2H2O  +  Ag2. 

Acetic  Silver  acetate, 

aldehyde. 

This  oxidation  takes  place  with  peculiar  facility  with  ammoniacal 
silver  solution,  the  silver  being  frequently  deposited  in  a  bright 
specular  film. 

2.  Aldehydes  fused  with  potash  are  converted  into  the  correspond- 
ing acids,  with  evolution  of  hydrogen  ;  e.g., 

C5H10O     +     KOH      =     CgHgKOg     +  H2. 

Valeric  Valeric  acid, 

aldehyde. 

3.  Nascent  hydrogen,  evolved  by  the  action  of  water  on  sodium 
amalgam,  converts  them  into  the  corresponding  alcohols  ;  e.g., 
C2H4O  +  H2  =  CaHgO.  If,  however,  the  aldehyde  belongs  to  a  non- 
saturated  series,  the  action  goes  further,  an  additional  quantity  of 
hydrogen  being  then  taken  up,  whereby  the  alcohol  first  formed  is 
converted  into  a  saturated  alcohol  belonging  to  another  series ; 
thus  : 

CgH.O  +  H2  -  CaHgO  ;  and  CgHgO  -h  H2  =  CgHgO. 

Acrylic  AUyl  Allyl  Propyl 

aldehyde.  alcoliol.  alcohol.  alchohol. 

Nascent  hydrogen  evolved  by  the  action  of  zinc  on  sulphuric  acid 
does  not  appear  to  unite  with  aldehydes. 

4.  Phosphorus pentachloride  comreits  aldehji-des  into  chloralde- 
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Iiycles,  compoimds  derived  from  aldehydes  by  substitution  of  CL 
for  0 ;  thus : 

CH3  CH3 
I  +  PCI,    =    PCI3O    +  I 

CHO  •  CHCI2 

Aldehyde.  Chloraldehyde. 

The  compoimds  thus  produced  are  isomeric  with  the  chlorides  of 
the  defines ;  e.g.,  acetic  chloraldehyde,  CH3.CHCI2,  or  ethidene 
chloride,  with  ethene  chloride,  C2H4.CI2  (p.  69). 

5.  Chlorine  and  bromine  convert  aldehydes  into  chlorides  and 
bromides  of  acid  radicles : 

C^H.O    +    CI2    =    HCl    +  C2H3O.CI 

Aldehyde.  Acetyl  chloride. 

CaH.O    +    2CI2  =  2HC1    +  C2H2CIO.CI 
Aldehyde.  Chloracetyl 

chloride. 

6.  The  alkali-metals  dissolve  in  aldehydes,  eliminating  an  equi- 
valent quantity  of  hydi-ogen : 

2C2H,0  +  K2  =  H2  +  2C2H3KO. 

7.  Aldehydes  heated  with  hydrocyanic  and  hydrochloric  acid  are 
converted,  first  into  cyanhydrins,  which  then,  by  the  action  of 
the  hydrochloric  acid,  or  by  that  of  alkalis,  are  converted  into 
oxy-acids ;  thus : 

CH3.CHO    +    CNH    =  CH3.CH<gJ. 

Aldehyde.  Ethidene  -cyanhydrin. 

CH,CH<OH    +   2H2O    =   NH3  +  CH,CH<::OH^^ 

Lactic  acid. 

8.  Aldehyde  likewise  imites  with  other  carbon-compounds,  as 
with  the  anhydrides  and  chlorides  of  the  fatty  acids,  forming  com- 
pound ethers :  j         >  t, 

CH3.CHO    +    C2H3OCI    =    CH3.CH<gl^  jj  Q 

Acetyl  chloride.  Ethidene  ^ 

chloro-acetnte. 

CH3.CHO   +  gAO>o    .  CH3.CH<g;gAg 

Acetic  Ethidene  dincctato. 

anhydride. 

^  ^^^'^^^7*^6-^  combine  with  ammonia,  forming  com])ounds  called 
aldehyde-ammonias,  the  mode  of  formation  of  which  is  shown 
in  the  ioUowirig  equation : 

CH3.CHO    -f    NH3    =  CH3.CH<2g_^. 
These  compounds  are  easily  soluble  in  water,  but  insoluble  in 
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ether,  and  are  therefore  precipitated  by  ammonia  from  the  ethereal 
solutions  of  the  aldehydes.  They  are  rather  unstable,  and  are  easily 
resolved  by  acids  into  ammonia  and  the  aldehydes.  . 

10.  Aldehydes  also  iinite  with  aniline,  water  being  eliminated,  and 
form  bases  derived  from  a  dovible  molecule  of  aniline,  (C^jH-N),,  by 
substitution  of  two  equivalents  of  a  diatomic  radicle  for  four  atoms 
of  hydrogen ;  e.g., 

+    SCgHyN    =    2H2O    +  Ci2Hio(C2H^2N2 

Acetic  Aniline.  Dietliidene- 

aldehyde.  dianlline. 

11.  All  aldehydes  unite  directly  with  the  acid  sulphites  of  the 
alkali- metals,  forming  crystalline  compoimds,  which  may  be  regarded 
as  salts  of  ethidene-oxysulphonic  acid  J^.  175),  as  shown  by  the 
following  equation : 

CH3.CHO    +    SOaHNa    =    CH3.CH<^q  . 

From  these  salts,  the  aldehydes  may  be  separated  by  distillation 
with  dilute  sulphuric  acid  or  solution  of  sodium  carbonate.  The 
reaction  affords  a  ready  means  of  purifying  the  aldehydes,  and  of 
detecting  their  presence  in  mixtures. 

12.  Under  the  influence  of  certain  reagents  (small  quantities 
of  acids,  alkalis,  and  salts)  two  or  more  molecules  of  an  aldehyde 
may  unite  together,  forming  a  polymeride ;  e.g., 

OCH.CH3  /O— C.  H.CH3 

CH3.CHO    +  =    CH3.CH<  >0 

OCH.CH3  ^0— H.CH3 

Aldehyde  (3  mol).  Paraldeliyde. 


ALDEHYDES  BELONGING  TO  THE  SERIES  CnHsnO. 

Formic  Aldehyde,  CHgO  or  H.CHO,  also  called  Methylic 
aldehyde. — This  compound,  discovered  by  Hofmann,  is  produced 
when  a  current  of  air  charged  with  vapour  of  methyl  alcohol  is 
dii'ected  upon  an  incandescent  spii-al  of  platinum  wire;  and  by 
suitable  condensing  arrangements,  a  liquid  may  be  obtained  consist- 
ing of  a  solution  of  the  aldehyde  in  methyl  alcohol.  This  liquid, 
rendered  slightly  alkaline  by  ammonia,  and  gently  warmed  with 
silver  nitrate,  yields  a  beautiful  specular  deposit  of  silver,  Math 
greater  ease  even  than  ordinary  acetic  aldehyde.  The  same  solu- 
tion, heated  vnth  a  few  drops  of  caustic  potash,  deposits  drops  of  a 
brownish  oil,  having  the  odom-  of  the  resin  of  acetic  aldehyde. 

Formic  aldehyde  is  likewise  obtained  by  the  dry  distillation  of 
calcium  formate :  Ca(CH02)2  =  CHoO  +  CaC03."  It  has  not  yet 
been  obtained  in  the  pure  state;  but  on  heating  the  distillate 
obtained  as  above,  part  of  the  formic  aldehyde  escapes,  and  another 
portion  remains  as  a  solid  polymeric  modification,  viz., 

Paraformaldehyde  or  Trioxymethene,  C3Hg03  or  (0112)303, 
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a  compound  likemse  formed  by  the  action  of  oxide  or  oxalate  of 
silver  on  methene  iodide,  CHgIg,  or  best  by  distilling  glycolUc  acid 
with  a  small  quantity  of  siilphimc  acid.  It  is  a  crystalline  mass, 
insoluble  in  water,  alcohol,  and  ether,  melting  at  152°,  sublimiug 
below  100°.  Its  vapoiu'-density,  1-06,  corresponds  with  the  formula 
CH3O,  showing  that  the  molecule  G3Hg03  is  split  up  when  heated,  into 
three  molecules  of  formaldehyde.  On  cooling,  however,  the  triple 
molecule  is  reproduced.  0311503  is  also  converted  into  CHgO  when 
heated  with  water  to  130°. 

When  ammonia  is  passed  over  paraformaldehyde,  hexmethen- 
amine,  CgHi2N4  =  (CH2)gN4,  is  produced,  a  base  which  crystal- 
lises from  alcohol  in  shining  rhombohedrons,  and  sublimes  without 
alteration  when  cautiously  heated.  It  is  a  monoacid  base,  forming 
crystalline  salts,  the  hydrochloride,  CgHigN^,  HCl,  for  example.  By 
boibng  with  dilute  acids  it  is  reconverted  into  formaldehyde. 

Parathioformaldehyde  or  Trithiomethene,  (0112)383,  is  pro- 
duced by  passing  hydi'ogen  sulphide  into  the  aqueous  solution  of 
formaldehyde,  also  by  the  action  of  zinc  and  hydrochloric  acid  on 
carbon  bisulphide,  and  by  heating  methene  iodide  with  potassium, 
sulphide  in  alcoholic  solution.  It  is  a  solid  body  having  an  allia- 
ceous odoirr,  is  insoluble  in  water,  but  dissolves  in  alcohol,  and  crys- 
tallises therefrom  in  slender  needles,  melting  at  218°,  and  easily 
subliming.  The  vapour-density  agrees  with  the  formula  03H(jS3, 
whence  it  is  inferred  that  solid  paraformaldehyde  is  coi-rectly  repre- 
sented by  the  formula  03Hg03.  The  thioaldehyde,  03H(.S3,  heated 
to  170°  with  silver  sulphate,  is  converted  into  OjHgOj. 

Acetic  Aldehyde,  or  Acetaldehyde,  O2H4O  =  CH3.CHO  = 
C2H3O.H,  also  called  J<:thyl  Aldehyde,  but  more  generally  by  the 
simple  name  aldehyde.* — This  substance  is  formed  by  oxidation  of 
ethyl-alcohol ;  also  among  other  products,  when  the  vapour  of  ether 
or  alcohol  is  transmitted  through  a  red-hot  tube ;  by  the  action  of 
chlorine  on  weak  alcohol ;  and  by  the  other  general  reactions  above- 
mentioned.  It  is  best  prepared  by  the  following  process :  6  parts 
of  oil  of  vitriol  are  mixed  with  4  parts  of  rectified  spirit  of  wine, 
and  4  parts  of  water;  this  mixture  is  pom'ed  upon  6  parts  of 
powdered  manganese  dioxide  contained  in  a  capacious  retort,  in 
connection  with  a  condenser  cooled  by  ice-cold  water;  gentle  heat 
ia  apphed,  and  the  process  is  interrupted  when  6  parts  of  liquid 
have  passed  over.  The  distilled  product  is  put  into  a  small  retort, 
with  its  own  weight  of  calcium  chloride,  and  redistilled  ;  and  this 
operation  is  repeated.  The  aldehyde,  still  retaining  alcohol  and 
other  impurities,  is  mixed  with  twice  its  volume  of  etlier,  and  satu- 
rated with  dry  auimoniacal  gas;  a  crystalline  compound  of  alde- 
hyde and  ammonia  then  separates,  which  may  be  washed  with  a 
little  ether,  and  dried  in  the  air.  From  this  sufistanco  the  aldehyde 
may  be  separated  by  distillation  in  a  watcsr-bath  with  sulphiuic 
acid  diluted  with  an  equal  quantity  of  water ;  by  careful  rectifica- 

*  Alcohol  dehydrogenatum. 
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tion  from  calcium  chloride,  at  a  temperature  not  exceeding  30-5°,  it 
is  obtained  pure  and  anhydrous. 

Considerable  quantities  of  aldehyde  occur  in  the  "  first  runnings" 
obtained  in  the  manufacture  of  alcohol  from  sugar-beet  and  from 
potatoes,  being  probably  formed  by  oxidation  of  the  spirit  during 
the  filtration  through  charcoal,  to  which  it  is  subjected  for  the 
removal  of  fusel-oil  and  other  impurities. 

Aldehyde  is  a  limpid,  colourless  liquid,  of  characteristic  ethereal 
odour,  which,  when  strong,  is  exceedingly  sufi'ocating.  It  has  a 
density  of  0-807  at  0°,  boils  at  21°-22°,  and  mixes  in  all  proportions 
with  water,  alcohol,  and  ether :  it  is  neutral  to  test-paper,  but  becomes 
acid  on  exposure  to  air,  from  production  of  acetic  acid:  under 
the  influence  of  platinum-black  this  change  is  very  speedy.  When 
a  solution  of  aldehyde  is  heated  vidth  caustic  potash,  a  brown 
resin-like  substance  is  produced,  the  so-called  aldehyde-resin. 
It  reduces  silver  oxide  at  a  gentle  heat,  without  evolution  of  gas, 
the  metal  being  deposited  on  the  inner  surface  of  the  vessel 
as  a  brilliant  and  imiform  film;  the  liquid  contains  silver 
acetate. 

The  principal  reactions  of  aldehyde  have  been  already  mentioned 
(p.  246).  It  is  converted  by  nascent  hydi'ogen  into  ethyl  alcohol, 
by  oxidation  into  acetic  acid ;  by  phosphorus  pentachloride  into 
chloraldehyde  or  ethidene  dichloride,  CHg — CHClg.  It  unites  with 
the  acid  sulphites  of  the  alkali-metals,  forming  compoimds  like  the 

OFT 

ammonium  salt,  CHa.CH-^Q  gQ  ^-^-^  ^ ,  which  axe  resolved  at  100° 
into  aldehyde,  sulj)hurous  oxide,  and  neutral  sulphites  ;  thus : 

2[CH3.CH<^^^]  =  2(CH3.CHO)  -I-  SO3K2  -1-  SO.,  +  H^O. 

Aldehyde  unites  also  with  acetic  oxide,  forming  the  compound 

C2H40.(C2H30)20  or  CH3. CH<q^2H30^  and  with  e%Zoa;i^e,fonn- 

^  ^  OC  H 

ing  ethidene  diethylate  or  acetal,  CH3.CH<^qq2jj^;  in  like 

manner  with  methyl  oxide,  forming  ethidene  dimethylate, 
CH3.CH(OCH3)2,  (p.  174). 

With  dry  hydrogen  cyanide,  aldehyde   forms    the  compound 
OH 

CH3.CH<iQ]^  ,  a  liquid  soluble  in  water  and  in  alcohol,  borUng  at 

183°,  with  partial  decomposition  into  aldehyde  and  hydrogen  cy- 
anide, and  converted,  by  heating  with  strong  hydrochloric  acid  or 

OH 

with  alkalis,  into  «-lactic  acid,  CH3.CH<;]qq  jj  . 

AZ(?e/ii/fZe-ammo9iici,  C2H40.NH3  =  CH3.CH<^y-  ,  obtained 

by  passing  dry  ammonia  gas  into  an  ethereal  solution  of  aldehyde, 
crystallises  in  large  shining  rhorabohedrona  ;  it  has  a  mixed  odour. 
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of  ammonia  and  turpentine,  dissolves  very  easily  in  water,  with  less 
facility  in  alcohol,  and  with  difficulty  in  ether  ;  melts  at  about  76°, 
and  distils  unchanged  at  100°.  Acids  decompose  it,  with  production 
of  ammoniacal  salts  and  separation  of  aldehyde.  Hydrogen  sulphide 
converts  it  into  thialdine,  CgHjgNSg.  Sulphurous  oxide  gas  is 
rapidly  absorbed  by  a  solution  of  aldehyde-ammonia,  forming 
the  crystalline  compound  C2H4O.NH3.SO2,  isomeric  with  taurine 
(p.  174),  and  with  the  compound  formed  by  direct  combination  of 
aldehyde  with  acid  ammonium  sulphite. 

PoLMERic  Modifications  op  Aldehyde. — Pure  anhydrous 
aldehyde,  treated  at  ordinary  temperatures  with  a  small  quantity 
of  gaseous  hydrochloric  acid,  sulphurous  oxide,  or  carbonyl  chloride 
(phosgene),  or  of  zinc  chloride  or  strong  sulphuric  acid,  is  converted 
into  a  polymeride,  called  paraldehyde,  which  crystallises  on  cool- 
ing the  liquid  to  0°,  in  large  transparent  prisms,  melting  at  10-5°  to 
a  liquid  which  boils  at  124°,  has  a  specific  gravity  of  0-998  at  15°, 
and  a  vapour-density  three  times  as  great  as  that  of  aldehyde  itself: 
hence  its  molecular  formula  is  C^U^fi^.  When  distilled  in  contact 
with  either  of  the  reagents  above  mentioned,  it  is  reconverted  into 
ordinary  aldehyde,  but  it  does  not  undergo  this  change  when  heated 
alone. 

When  either  of  the  same  reagents  acts  on  aldehyde  cooled  by  a 
freezing  mixture,  another  polymeric  modification  is  formed,  called 
met  aldehyde,  which  also  crystallises  in  transparent  prisms  or 
in  white  needles,  but  difi'ers  from  paraldehyde  in  subliming  when 
heated  without  previous  fusion,  and  in  being  at  the  same  time 
partly  reconverted  into  aldehyde.  In  consequence  of  this  transfor- 
mation, its  vapour-density,  and  therefore  its  molecular  formula,  have 
not  been  determined. 

When  aldehyde  is  left  for  some  time  in  contact  with  dilute  hydro- 
chloric acid,  two  molecules  of  it  unite  in  such  a  manner  as  to  form 
the  aldehyde  of  butene  glycol,  called  aldol : 

CH3.CHO  +  CH3.CHO  =  CH3.CH(OH).CH2.CHO . 
Under  the  influence  of  certain  other  reagents,  condensed  products 
are  formed  by  the  union  of  two  or  more  molecules  of  aldehyde,  and 
elimination  of  the  elements  of  water ;  thus  when  aldehyde  is  heated 
with  zinc  chloride,  crotonic  aldehyde  is  produced  : 

CH3-CHO  -t-  CH3-CHO  =  H2O  +  CH3— CH=GH— CHO  . 


Halogen  Derivatives  of  Aldehyde, 

Monochloraldehyde,  CHjCl.CHO,  formed  by  the  aclrion  of 
sulphuric  acid  on  chloracetal,  CH2CI— CH(0CaHf)2,  is  known  only 
in  aqueous  solution.  By  exposure  to  the  air,  and  by  the  action  of 
silver  oxide,  it  is  converted  into  chloracetic  acid. 
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Dichloraldehyde,  CHCI2.CHO,  produced  by  distillation  of 
dichloracetal  with  strong  sulphuric  acid,  is  a  liquid  iusoluble  in 
water,  and  boiling  at  88°-90°.  By  keeping,  it  is  gradually  converted 
into  two  solid  polymeric  modifications,  one  of  which  is  amorphous, 
a  ad  is  reconverted  into  liquid  dichloraldehyde  at  120°,  while  the 
other  crystallises  from  alcohol  in  large  prisms,  melts  at  130°,  and 
does  not  pass  into  the  liquid  modification  tUl  heated  to  240°, 

Trichloraldehyde  or  Chloral,  CCI3.CHO,  is  formed  by  the 
prolonged  action  of  chlorine  on  ethyl  alcohol.    To  prepare  it^ 
chlorine  is  passed  into  absolute  alcohol  as  long  as  hydrochloric  acid  . 
continues  to  be  evolved,  and  the  product  is  agitated  with  three 
times  its  volume  of  strong  suli^huric  acid.    On  gently  warming  the 
mixture  in  a  water-bath,  the  impure  chloral  separates  as  an  oily 
liquid,  which  floats  on  the  surface  of  the  acid ;  it  is  purified  by 
distillation  from  fresh  oil  of  vitriol,  and  afterwards  from  a  small ! 
quantity  of  cj[uicklime,  which  must  be  kept  completely  covered  by  ■ 
the  liquid  until  the  end  of  the  operation.    Chloral  has  also  been  1 
obtained  from  starch,  by  distillation  with  hydi'ochloric  acid  and  I 
manganese  dioxide. 

Chloral  is  a  thin,  oily,  coloiu'less  liquid,  of  peculiar,  pungent, , 
tear-exciting  odoiu- :  it  has  but  little  taste.  When  dropped  I 
upon  paper  it  leaves  a  greasy  stain,  which  is  not,  however,  per-  • 
manent.  It  has  a  density  of  1-502,  and  boUs  at  94°,  and  changes  3 
on  prolonged  keeping  into  a  solid  polymeride.  Chloral  is  freely ' 
soluble  in  water,  alcohol,  and  ether  ;  the  aqueous  solution  is  not  I 
affected  by  silver  nitrate.  Caustic  baryta  and  lime  decompose; 
the  vapour  of  chloral  when  heated  in  it,  with  appearance  of  ignition; ; 
the  oxide  is  converted  into  chloride,  carbon  is  deposited,  and  carbon  1 
monoxide  is  set  free.  Solutions  of  caustic  alkalis  also  decompose  it, . 
with  production  of  a  formate  and  chloroform: 

CCI3.CHO  -t-  KOH  =  CHCI3  +  CHO.OK. 

By  oxidation  with  nitric  acid,  it  is  converted  into  trichloracetic  t 
acid. 

With   a   small   quantity  of  loater  chloral  forms  a  hydrate, 

C2HCI3O.  H2O  =  CCI3.  CH<^^,  which  forms  large  monoclinlc; 

crystals,  melting  at  46°,  and  distilling  at  96°-98°.  It  is  easily  soluble  i 
in  water,  has  a  peculiar  odour,  and  sharp  scratching  taste,  and  pro-*  • 
duces  sleep  when  taken  internally  or  introduced  mider  the  skin. 
Strong  sulphuric  acid  decomposes  it  into  water  and  alcohol. 

With  hydrogen  sulphide,  chloral  forms,  in  like  manner,  a  crystal-  ■ 

line  sulphydrate,  CCI3  .  CH<g^  ,  which,  melts  at  77°,  and  boils  ; 

at  123°. 

With  alcohol,  chloral  forms  an  alcoholate,  CClyCli<CQii  * 
which  is  a  crystalline  body,  melting  at  56°,  and  boiling  at  114°-115° 
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and  decomposed  by  strong  sulphuric  acid,  with  reproduction  of 
( Idoral.  Treated  witli  acetyl  chloride,  it  is  converted  into  the  acetic 
ether,  CCl3.CH<^;g2H5^  ^  ^^^^-^  ^^^^  jggo_ 

Dibromaldehyde,  CHBrg  CHO,  formed  by  direct  bromination 
of  ahlehyde,  is  a  liquid  which  boils  at  140°-142°,  is  converted  on 
standing  into  a  solid  polymeride,  forms  a  crystalline  hydrate,  and 
unites  with  hydrogen  cyanide,  forming  the  compound,  CHBrg. 

CH<[qjj  ,  convertible  into  dibromolactic  acid. 

Tribromaldehyde  or  Bromal,  CBra.CHO,  formed  by  the  action 
of  bromine  on  alcohol,  is  a  liquid  very  much  like  chloral,  boiling  at 
172°-173",  and  decomposed  by  alkalis  into  formic  acid  and  bromo- 
form.  It  forms  a  solid  hydrate,  melting  at  53°,  an  alcoholate  which 
melts  at  44°,  and  decomposes  at  100°,  and  with  hydrogen  cyanide 

the  compound,  CBr3.CH<^^,  convertible  into  tribromolactic 
acid.  ^ 

Sulphur-derivatives  of  Aldehyde. — Wlien  hydrogen  sulphide 
IS  passed  throvigh  aqueous  aldehyde,  a  compound  of  aldehyde  and 
thioaldehyde  is  produced,  in  the  form  of  an  oil,  having  an  offensive 
odour,  solidifying  at  -  8°,  and  converted  by  contact  with  hydro- 
chloric acid  mto  parathioaldehyde,  (C2H^S)3'.  This  compoimd, 
analogous  to  paraldehyde,  forms  white  needles,  insoluble  in  water, 
and  subliming  at  45°.    Its  vapour-density  agrees  with  the  formula] 

On  passing  hydrogen  sulphide  into  an  aqueous  solution  of  alde- 
hyde-ammonia, thialdine,  CgHi^NSg,  separates  in  large  colourless 
crystals,  meltmg  at  4.3°,  slightly  soluble  in  water,  easily  in  alcohol 
and  ether,  and  having  an  offensive  odour.  It  is  a  strong  base  ;  its 
hydrochloride  has  the  composition  CeHi3NS2.HCl. 

On  mixing  an  alcoholic  solution  of  aldehyde-ammonia  with 
■carhorihmlphide,  carbothialdine,  CgHi^N^S^,' is  formed  in  large 
Bhining  crystals,  separable  by  boiling  with  acids  into  aldehyde, 
carbon  bisulphide,  and  ammonia. 

Propionic  Aldehyde,  C3H0O  =  CH3.CH2.CHO,  prepared  by 
oxKlation  of  normal  proi)yl  alcohol,  or  by  distilling  a  mixture  of 
calcium  propionate  and  formate,  is  very  inuch  like  acetaldidiyde, 
,^as  a  specific  gravity  of  0'804  at  20°,  boils  at  49°,  and  dissolves  in 
0  volumes  of  water.  With  phosphorus  pentachloride  it  forms 
propidene  chloride,  CH3.CH2.CHCV. 

The  higher  aldehydes  of  the  series  are  8iisccptiT)le  of  isomeric 
moclihcations  analogous  to  those  of  the  primary  alcohols.  Only  a 
lew  ot  those  are  however  known  :  thus,  of  the  f'oiir  iiosaiblo  5-carbon 
amehycles,  analogous  to  the  four  primary  ijciityl  alcohols,  two  only 
have  yet  been  obtained.  ^ 
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The  following  table  exhibits  the  specific  g^a^dties  and  boiling 
points  of  these  higher  aldehydes.  All  of  them  are  liquid  at  ordinary 
temperatures,  except  palmitic  aldehyde,  formed  by  oxidation  of 
cetyl  alcohol,  which  is  a  white  crystalline  mass : — 


Aldehydes. 

Boiling  Poiut. 

Spec.  Gravity. 

,    .  (  Normal,  CH3.CH,.CH2.CHO 
jsutyric  )  -r          /nxT  \  nit  nvfCi 

75° 

Oi 

0-834  at  0° 

Valeric  S  CB,.{CTl,\.CHO 
Valeric  j  j^^^  (CH3)2CH.CH2.CHO 

102° 
92°-93° 

0-768  at  12° 

Caproic  (Iso,)  (CH3)2CH.(CH2)2CHO 

121° 

CEnanthylic,  CH3.(CH2)s.CHO 

154° 

0-827 

Palmitic  C1QH32O. 

melts  at  50° 

Isobutyric  aldehyde  treated  with  a  small  quantity  of  strong  sul- 
phuric acid,  is  converted  into  paraisobutyric  aldehyde,' 
(C4H80)3,  which  crystallises  in  shining  needles,  melting  at  60°,  and. 
boiling  at  194°. 

Normal  butyric  aldehyde,  heated  with  alcoholic  ammonia  to  a; 
temperature  not  exceeding  100°,  yields  two  bases,  dibutyraldine,' 
C8H^7NO,  and  tetrabutyraldine,  CjgHjgNOjthe  former  of  which,i 
when  subjected  to  dry  distillation,  gives  off  H2O,  and  is  converted- 
into  paraconine,  CgH^jN,  an  oily  base,  very  much  like  the  coninei 
of  hemlock. 

Trichlorobiityric  aldehyde  or  Butync  chloral,  C4H5CI3O,  (formerly 
supposed  to  be  crotonic  chloral,  C4H3CI3O),  is  formed,  together  withi 
several  other  products,  by  the  action  of  chlorine  on  acetaldehyde.: 
It  is  a  liquid  boiling  at  155°-165°. 

Isovaleric  aldelmjde  or  Valeral,  heated  with  alcoholic  ammonia,  1 
yields  two  bases,  valeridine,  CjoH,gN,  and  valeritrine,  CigHj^N,'' 
the  latter  of  which  is  a  liquid,  boiling  at  250°-260°,  and  smelhngi 
like  conine. 

CEnanthylic  Aldehyde  or  OEnanthol,  is  formed  in  the  dry  distillatiom 
of  castor-oil.  It  oxidises  in  the  air  to  oenanthylic  acid,  and  is  con-i 
verted  by  nascent  hydi-ogen  into  normal  heptyl  alcohol. 


ALDEHYDES  OF  THE   SERIES,  CnH2n-20. 

These  aldehydes  are  related  to  the  alcohols  of  the  aUylic  series  in 
the  same  manner  as  the  aldehydes,  CnH2nO,  are  related  to  the  fatty  | 
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alcohols.  They  are  imsaturatecl  compounds,  and  capable  of  takhicr 
up  2  atoms  of  a  monotomic  element  or  radicle,  ° 

Acrylic  Aldehyde  or  Acrolein,  CjH^O  =  CH2=CH— CHO 
the  lowest  member  of  the  series,  is  produced  ;  ' 

1.  By  the  oxidation  of  allyl  alcohol. 

2.  By  the  dehydration  of  glycerin,  when  that  substance  is  heated 
with  phosphoric  oxide,  strong  sulphuric  acid,  or  acid  potassium  sul- 
phate :  CsHgOs-SHgO^CgH^O. 

It  is  always  produced  in  the  destructive  distillation  of  neutral  fats 
contaming  glycerin,  and  is  the  cause  of  the  intolerably  pungent 
odour  attending  that  process. 

Pure  acrolein  is  a  thin,  colourless,  highly  volatile  liquid,  lio-hter 
than  water,  and  boiling  at  52-2°.  Its  vapour  is  intensly  irritatino' 
It  IS  sparingly  soluble  in  water,  freely  in  alcohol  and  ether.  °" 

Acrolein,  by  keeping,  undergoes  partial  decomposition,  yielding  a 
white,  flocculent,  mdiflerent  body,  disacryl  ;  the  same  substance  is 
sometimes  produced,  together  with  acrylic  acid,  by  exposure  to  the 
air.  In  contact  with  alkalis,  acrolein  suffers  violent  decomposition 
producmg,  like  aldehyde,  a  resinous  body.  When  exposed  for  some 
time  to  the  air,  or  mixed  with  silver  oxide,  it  is  rapidly  oxidised 
into  acrylic  acid,  CgH^Og. 

Nascent  hydrogen  converts  it  into  allyl  alcohol.  With  phos- 
phorous pentachloride  it  yields  the  compound  CH2=CH— CHCl  a 
hquid  boiling  at  84°.  With  hydrochloric  acid  acrolein  formi'  a 
crystalline  compound,  CjH^O.HCl,  which  melts  at  32°,  and  is  re- 
solved by  distillation  into  hydrochloric  acid  and  acrolein. 
_  Acrolein  mLxed  with  alcoholic  ammonia  is  immediately  converted 
into  acrolein-ammonia,  C(,HgNO  : 

2C3H,0  +  NH3  =  CeH„NO  +  H,0 . 
This  compound  is  a  yellowish  mass,  which  turns  brown  on  drvintT 
tiou     ^  picoline,  CgH,N,  by  distiUa- 

Crotonic  Aldehyde,  C.H„0  =  CH3-0H=CH-CH0  is 
produced  by  heating  acetaldehyde  to  100°  with  dilute  hydi-ochloric 
acid,  or  with  zmc  chlonde,  and  a  little  water  : 

CH3.CHO  +  CH3.CHO  =  H,0  +  CH3.CH=CH.CH0, 

aldol  being  probably  formed  as  an  intermediate  product. 

l^rotonic  aldehyde  is  a  colourless  liquid,  having  an  extremely 
pungent  odour,  and  boiling  at  104°-105°.  In  contact  with  the  aii-, 
or  with  moist  silver  oxide,  it  is  easily  oxidised  to  crotonic  acid.  It 
unites  with  hydrogen  chloride,  forming  monochlorobutyric  aldehyde : 

CH3.CH=CH.CH0  +  HCl  =  CH3.CH2.CHCI.CHO . 
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Aldehydes  derived  from  Diatomic  AIcoIioIb. 

Diatomic  alcohols  can  yield  by  oxidation  two  classes  of  aldehydes, 
accordiuf^  as  one  or  two  molecules  of  hydrogen  (Hj)  are  removed. 
Propene  "glycol,  CgHgO,,  for  example,  might  yield  the  two  alde- 
hydes, CsHfiOa  and  CgH^^Os-  Only  a  few  of  these  compounds  have, 
however,  been  obtained. 

Of  aldehydes  derived  from  the  glycols,  CnH2n+202,  only  three 
are  at  present  known,  viz.,  glyoxal,  C^B.fi^,  which  is  the  second 
aldehyde  of  ordinary  glycol,  C^Rf^O^ ;  aldol,  C^HgOj,  which  is  the 
first,  and  succinic  aldehyde,  C^f)^,  which  is  the  second  aldehyde 
of  butene  glycol.  . 

Glyoxal,  C,H202,  and  the  aldehydic  acid,  glyoxylic  acid, 
C2H2O3,  are  intermediate  in  composition  between  glycol  and  oxalic 
acid : 

CH,OH  COH  COH  CO.OH 

1  I  I  I 

CH2OH  COH  CO.OH  CO.OH 

Glycol.  Glyoxal.  Glyoxylic  Oxalic 

acid.  acid. 

Both  are  formed  as  intermediate  products  in  the  oxidation  of 
glycol  and  are  converted  by  further  oxidation  into  oxalic  acid. 
They  are,  however,  most  easily  obtained  by  oxidising  ethyl  alcohol 
with  nitric  acid. 

Alcohol  (2  parts)  is  introduced  mto  a  tall  glass  cylmder;  1  par^ 
of  water  is  poured  into  the  vessel  through  a  funnel,  the  tube  of 
which  reaches  to  the  bottom,  and  afterwards  1  part  of  fuming  nitric 
acid  is  introduced  in  the  same  way,  so  as  to  form  thi-ee  distinct 
layers  of  liquid.  The  mixtvu-e  is  left  to  itself  at  a  temperature 
of  20°-22°  till  the  three  liquids  have  become  mixed ;  after  which 
the  mixture  is  evaporated  in  the  water-bath,  diluted  with  watCT, 
saturated  with  chalk  at  the  boiling  heat,  then  filtered,  and  the  fil- 
trate is  mLxed  with  alcohol,  whereupon  glycollate  and  glyoxylate  of 
calcium  are  precipitated,  and  glyoxal  remains  in  solution.  On  recrys- 
tallising  the  calcium  salts,  the  glyoxylate  crystallises  out  first,  and 
afterwards  the  glycollate.  The  glyoxal  is  separated  from  the  solution 
by  ao-itation  with  acid  sodium  sidphite,  with  which  it  forms  a  crys- 
talline compound;  this  sodium  compoimd  treated  wdth  barium 
chloride  yields  the  corresponding  barium  compound ;  and  from  tins 
the  glyoxal  may  be  separated  by  dilute  suphuric  acid. 

COH  ^^2\- 
Glyoxal,  C2H20,=  isomeric  with  glycoUide,       ^0 , 

remains,  on  evaporating  the  solution  obtained  in  the  manner  just  de- 
scribed, as  a  transparent,  amorphous,  deliquescent  mass,  very  sohi we 
in  water,  alcohol,  and  ether.  It  reduces  an  ammoniacal  solution  01 
silver  nitrate,  forming  a  silver  speculum.    Nitric  acid  oxidises  it  to 
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glycollic  and  oxalic  acids.  Being  a  double  aldehyde  (containing  the 
group  COH  twice)  it  unites  with  two  molecules  of  acid  potassium 
sulphite,  forming  the  compound  C2H202(S03KH)2.  When  its  solu- 
'  tion  in  acetic  acid  is  left  in  contact  with  a  small  quantity  of  hycbo- 
chloric  acid,  a  condensation-product  is  formed,  perhaps  G^JS^fii^- 
Fixed  caustic  alkalis  and  alkaline  earths  convert  glyoxal  into 

■  salts  of  glycoUic  acid,  e.g.,  CaH^Oa  +  KOH  =  C2H3KO3.    A  syrupy 

■  solution  of  glyoxal  heated  with  a  strong  solution  of  aqueous 
ammoma  yields  two  crystalline  bases,  glyoxaline  and  glycosine: 

2C2H2O2    +    2NH3    =    C3H4N2    +    CH2O2  +2H2O 
Glyoxal.  Glyoxaline.  Formic 

acid. 

3C2H2O2    +    4NH3    =    CfiHeN,    +  6H2O. 
Glyoxal.  Glycosine. 

Glyoxylic  or  Glyoxalic  Acid,  C2H2O3  CHO— 002H,is  formed 
by  oxidation  of  alcohol  as  above  described  ;  also  by  reducing  oxalic 
acid  with  zinc  and  hydrochloric  acid : 

CO.OH  COH 
I  +       H2         =1  +  H,0, 

CO.OH  CO.OH 

and  by  heating  dichloracetic  acid  with  silver  oxide,  or  ethylic 
I  dichloracetate  with  water  to  120° ; 

CHCI2  OHO 

I  +       ^g^O       =        I  +  2Ag01. 

CO.OH  COOH 

When  concentrated,  it  forms  a  thick  syrup  easily  soluble  in  water, 
and  distils  undecomposed  with  aqueous  vapour. 

The  glyoxylates  contaia  1  molecule  of  water  very  closely  com- 
bined, excepting  the  ammonium,  salt,  which  is  anhydrous. 

This  salt,  C2HO3.NH,,,  crystallises  in  needles,  and  dissolves 
easiiy  m  water.  The  silver  salt,  C2H03Ag-i-H20,  is  a  white  crys- 
statbne  precipitate ;  the  calcium  salt,  (C2H03)2Ca4-2H„0,  forms  hard 
pnsins,  sparingly  soluble  in  cold  water. 

Glyoxylic  acid  is  readily  oxidised  to  oxalic  acid.  By  boiling  its 
calcium  salt  with  water,  it  is  resolved  into  tdycoUic  and  oxalic 
acids :  ^ 

2C2H2O3    -f-    H2O    =    C2H„03    -I-  (J,B.fii. 

By  nascent  hydrogen  (zinc  and  hydrochloric  acid),  it  is  converted 
mto  glycollic  acid. 

.  Gly^'xylic  acid  is  both  acid  and  aldehyde.  Its  aldehydic  nature 
18  shown  by  its  power  of  reducing  an  aminoniacal  silver  solution, 
and  ot  forming  double  salts  with  alkaline  bisulphites. 

FOWNES.— VOL.  II,  H 
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Aldol,  O.HoOo,  the  aldehyde  of  butene  glycol,  is  polymeric  with 
acetaldehyde,  and  is  formed  by  combination  of  two  moleciiles  ol 
that  body,  under  the  influence  of  dilute  hydrochloric  acid;  thus : 

CH3.CHO  +  CH3.CHO  =  CH3.CH(OH).CH2.CHO. 
A  cold  mixture  of  acetaldehyde  and  dilute  hydi-ochloric  acid  is  left 
for  two  days  till  it  acquires  a  yellow  colour.    The  liquid  is  then 
neutralised  with  sodium  carbonate,  and  shaken  up  with  ether  ;  the 
ether  is  evaporated;  and  the  aldol  which  remams  is  evaporated m  a 

vacuum.  -i^  i  i  oa  <- 

Aldol  is  a  colourless  inodorous  liquid,  of  specihc  gravity  at 
0°,  not  miscible  with  water.  On  standing  it  changes  to  a  viscid 
liquid,  which  cannot  be  poured  out  of  the  containing  vesseL  in  a 
vacuum  it  distUs  between  95°  and  105°,  but  when  heated  under 
ordinary  pressure  it  gives  off  water,  and  is  converted  mto  crotonie  ; 
aldehyde 


OH3  CH 


3 


CH(OH)  CH 
I  =  H,0  +11 

CH,  OH 

CHO  CHO. 

It  reduces  silver  from  the  ammonio-nitrate,  and  when  heated  with 
water  and  silrer  oxide,  is  converted  into  /3-oxybutyric  acid: 
CH3.CH(OH).CH2.CO(OH). 

CH2.COH 

Succinic  Aldehyde, C.HoOa  ='  |  ,  is  a  liquid  soluble  mi 

CH2.COH 

water,  and  boiling  at  201°-203°.  By  oxidation  it  is  converted  iuto 
normal  oxyisobutyric  acid  and  succinic  acid. 


KETONES. 


These  bodies  contain  the  group  CO  associated  with  two  mon- 
atomic  alcohol-radicles,  wliichmay  either  be  the  same  or  different,  c.g-f 

Dimethyl  ketone  oi-  Acetone.  Methyl-ethyl  ketone. 

They  may  be  regarded  as  derived  from  aldehydes  by  substitution  ol 
an  alcohol-radicle  for  the  hydrogen  atom  attached  to  the  group  OUj 
thus : 

Acetic  aldehyde,  CH3.CO.H 
Acetic  ketone  or  acetone,  CHs-CO-CHj , 
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or  as  compounds  of  an  alcohol-raclicle  with  an  acid  radicle— acetone 
tor  example,  as  methyl-acetyl. 

The  only  bodies  of  this  class  that  have  been  carefully  studied  are 
hose  which  contain  the  alcohol-radicles  C  Hsn  + 1,  and  are  analogous 
to  the  aldehydes  CnH2nO,  and  the  fatty  acids  CnHsuO,. 

Ihe  ketones  of  this  group,  containing  two  equivalents  of  the 
same  alcohol-radicle,  are  produced : 

1.  By  the  action  of  carbon  monoxide  on  sodium  ethide  and  its 
tiomologues : 

CO    -f-    2NaCnH2n+i    =    Na^    +  CO(GnSwh. 
For  example : 

CO     +     2KaO,H,     =     Na,     +  CO(aHA,. 
r£>n^Ze.  Proplon. 

Zn(m,),    +    2COCH3CI    =    ZnCl,    +  2CO(CH3), 

Zmcmethide.  Acetic  Acetone 

chloride.  Acetone. 

3.  By  the  oxidation  of  the  secondary  alcohols;  thus : 

CH(CH3),.0H    +    0    =    H,0    -F  C0(CH3),. 

Isopropyl  alcohol.  ^^^^JJ^^ 

^  4.  By  the  dry  distillation  of  the  calcium-salts  of  the  fatty  acids; 

^'^|S(c§gi:J  =  ^^^^0,  +  com,), 

Calclnm  acetate.  Calcium  Acetone, 

carbonate. 

The  ketones  formed  in  this  manner  from  the  successive  meni- 
Ws  of  the  fatty  acid  series  differ  from  one  another  Ty  tSeCH;; 

Acetic  acid,      .  C^H^O^,  yields  Acetone,  .  .  C,H„0 

Propionic  acid, .  C3H„02,     „     Propione,  .  Ch"o. 

Eutyncacid,    .  Q.H^O,,     „     Butane,  .  C  H  O 

Valencacid,     .  C,Il,,6„    „     Valerone,  .  C^hIsO. 

li  J?^•°^^"'''l^  ''''■^  /'"f'^  "P  '^^tones  containing  difrerent  alco- 
no^radicles  ;  thus  ethyl-methyl  ketone,  C,H,0  or  CO(CH,)(C„H,); 
18  intermediate  between  acetone  and  propione.  .<A2f,;, 
nWo-  Ti^^'^f  containing  two  different  alcohol-radicles  may  be 
oDtamecl  ))y  the  second  of  the  processes  above  given  :  e.g. : 

2COCH3CI    +    Zn(0,H,)3    =    ZnCl,    +  2C0(CH3)CC,K) 

ketone. 
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Or  by  distilling  a  mixture  of  the  calcium-salts  of  two  different 
fatty  acids ;  thus : 

Ca(C02C,H<,),  +  Ca(C02CH3)2  =   2CaC03  +  2CO(CH3)(C,He) 

Valerate.                   Acetate.  Methyl-butyl 


ketone. 


The  formation  of  aldehydes  by  distilling  a  mixture  of  a  formate 
with  the  salt  of  another  fatty  acid  (p.  245),  is  a  particular  case  of 
this  last  reaction. 

Ketones  are  also  formed :— 5.  By  the  gradual  oxidation  of  the 
acids  of  the  lactic  series,  CnH2n03 ,  with  chromic  acid  mixture : 

(CH3)2.C(OH).CO.,H    +    0    =    CO2   +   H2O    +  (CH3)2CO. 

Oxyisobutyric  acid.  '^kSona ' 

6.  By  the  action  of  alkalis  on  the  carbo-ketonic  acids  (q.v.). 

7.  By  the  dry  distillation  of  wood,  sugar,  and  many  other  carbon- 
compoimds.  ,  ,  . 

Every  ketone  is  isomeric  with  an  aldehyde  belongmg  to  the 
same  series;  thus  acetone  is  isomeric  with  propionic  aldehyde, 
O0H..COH  ;  butyrone,  00(03117)2,  with  cenanthylic  aldehyde, 
CgHig.OOH,  &c.  Formic  acetone,  OOHg,  is  identical  with  formic 
aldehyde. 

Ketones  are,  for  the  most  part,  volatile  liquids,  insoluble  m  water, 
and  not  capable  of  reducing  an  ammoniacal  silver-solution.  Those 
in  which  the  group  CO  is  associated  with  a  methyl  group,  resemble 
the  aldehydes  in  forming  crystaUine  compounds  with  alkahue  bi- 
sulphites, from  which  the  ketone  may  be  Liberated  by  distillation 
with  an  alkali.  Ketones  differ  from  aldehydes:  1.  In  not  bemg: 
converted  by  oxidation  into  the  corresponding  acids. — 2.  In  being . 
converted  by  nascent  hydrogen  into  secondary  alcohols,  whereas  the 
aldehydes  are  converted  into  primary  alcohols. — 3.  In  not  com- 
bining with  aniline. 

The  formation  of  secondary  alcohols  by  hydi-ogenation  of  ketones . 
IB  attended,  to  a  smaU  amount,  with  a  condensation  of  two  ketone 
molecules,  resultiag  in  the  formation  of  a  diatomic  alcohol  (a  piua-  - 
cone) ;  e.g. : 

^  (CH3)2.0.0H 

2(C11XC0    +    H„  =  I 

(OH3)2.0.0H 

Acetone.  Pinacone. 

Ketones,  like  aldehydes,  unite  with  hydrogen  cyanide,  forming, 
cyanhydrins,  acetone,  for  example,  yielding  {CB.3).,C<^q-^  > 
which,  by  the  action  of  acids  or  alkalis,  may  be  converted  into  the , 
corresponding  oxyacids,  CnH2n0j.  _  ^  •  •  „, 

Ketones  are  not  convertible  by  oxidation  into  acids  containing , 
tlie  same  number  of  carbon-atoms  as  themselves.  When  boiled  with  i 
chromic  acid  mixture,  they  decompose  in  such  a  manner  that  the : 
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group  CO  separates  in  combinatiou  Math  the  lower  alcohol-radicle 
aud  forms  an  acid ;  while,  if  the  other  radicle  is  a  primary  radicle' 
it  is  likewise  oxidised  to  an  acid,  normal  or  iso,  according  to  the 
constitution  of  the  radicle ;  thus : 

CFT 

CH3(CH,)3>^°  +       =  CH3.OO.OH  +  CH3.(CH2)2.COOH 

Methyl-butyl  Acetic  acid.  Butyiic  acid 

ketone. 

CH 

(Ch'3),CH.CH  +  ^3  -  CH3.CO.OH  +  (GH3),CH.C00H 

Methyl-isobutyl  Acetic  acid.  laobutyric  acid. 

Ifetone. 

If,  on  the  other  hand,  the  higher  radicle  is  secondary,  it  will  be 
oxidised  to  a  ketone,  which  will  be  further  split  up  by  oxidation : 

CH 

(CH3),CH>C0    +    0,    =    CH3.CO.OH    +  (CH3),C0; 

Methyl-iso-  Acetic  aeid.  Acetone, 

propyl  ketone. 

and  if  the  higher  radicle  is  tertiary,  such  as  C(CH3)3,  it  wiU  be 
immediately  split  up.* 

_  Dimetliyl  Ketone— Acetone,  COCCHg)^.— This  compound 
IS  formed :— 1.  By  the  dry  distillation  of  acetates. — 2.  By  oxidation 
of  pseudopropyl  alcohol.— 3.  By  the  action  of  water  at  180°-200°  on 
acetone  chloride  or  bromide  (p.  70): 

CH3.CCI2.CH3  +  H,0       2HC1  +  CH3.CO.CH3 ; 

or  on  propene  chloride  (or  bromide),  CHg.CHCl.CH^Cl  (in  which 
case  a  molecular  transposition  of  H  and  CI  must  be  supposed  to  take 
place  in  the  first  instance),  or  on  monochloro-  or  monobromopropene : 

CH3-CC1=:CH2  +  R,0  =  HCl  -f  CH3.CO.CH3. 

4.  Together  with  other  products,  by  passing  the  vapour  of  strong 
acetic  acid  through  an  iron  tube  heated  to  dull  redness,  and  by  the 
dry  distillation  of  citric  acid,  tartaric  acid,  sugar,  stareh,  gum,  and 
wood  :  hence  it  occui-s  in  crude  wood-spirit. 

Acetone  is  best  prepared  by  the  dry  distillation  of  acetates,  the 
calcium  or  the  lead  salt  being  the  most  convenient  for  the  purpose, 
ihe  crude  distillate  is  saturated  with  potassium  carbonate,  and  after- 
wards rectified  m  a  water-bath  from  calcium  chloride. 

Pure  acetone  is  a  colourless  limpid  licjuid,  of  peculiar  odour:  it 
has  a  density  of  0-792,  and  boils  at  56 '5°:  the  density  of  its  vapour 
(referred  to  air)  is  2-022.  Acetone  is  very  inflamiuable,  and  bimis 
with  a  l)nght  flame :  it  is  miscible  in  all  proiiortions  with  water, 
alcohol,  and  ether.  ' 

•  See  Watts's  Dictionary  of  Chemistry,  2nd  Supplement,  711. 
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Nascent  hydrogen  converts  it  intopseudopropyl  alcohol  (p.  143) ;  but 
at  the  same  time  a  portion  of  the  acetone  doubles  its  molecule,  and 
likewise  takes  up  hydrogen,  beiag  thereby  converted  into  a  crystal- 
line substance,  pin  ac  one,  CgHj402  =  SCgHgO  +  H2 . 

By  oxidation  with  chromic  acid  mixture,  acetone  is  converted  iuto 
acetic  and  formic  acids,  the  latter  being  for  the  most  part  fur- 
ther oxidised  to  PI2O  and  CO2. 

CH3.CO.CH3    -I-    O3    =    CH3.CO.OH    +  H.CO.OH 

Acetone.  Acetic  acid.  Formic  acid. 

Acetone  treated  with  hydrocyanic  acid,  water,  and  hydrochloric 
acid  is  converted  iato  oxyisobutyric  (acetonic)  acid : 

(CH3)2CO  -1-  CHN  +  2H2O  -1-  HCl  =  NH4CI  -I- 
(CH3)2COH.COOH, 

"Bj  phosphorus  pentachloride,  acetone  is  converted  into  acetone 
chloride  or  methylchloracetol,  CH3.CCI2.CH3 ;  similarly  with 
PBrg.  With  P2S5,  it  forms  thioacetone,  CH3.CS.CH3,  a  yellowish, 
offensive-smellmg  liquid,  boiling  at  183°-185°,  insoluble  iu  water. 

Chlor-  and  Brom-acetones. — These  compounds  are  formed  by 
the  direct  action  of  chlorine  and  bromine  on  acetone,  and  in  other 
ways. 

Monochloracetone,  CH3.CO.CH2CI,  is  formed  by  passing  chlorine 
into  cold  acetone,  and  by  the  action  of  hypochlorous  acid  on  mono- 
chloro-  or  monobromopropene : 

CH3— CBr^CHa  +  ClOH  =  HBr  +  CH3.CO.CH0CI . 

It  is  a  liquid,  insoluble  in  water,  boiUng  at  119°,  and  emitting 
vapours  which  excite  a  copious  flow  of  tears. 

Dichloracetones,  CgH^ClgO. — Of  these  there  are  two,  viz. : 
CH3.CO.CHCI2      and      CH2CI.CO.CH2CI . 

UnsjTnmetrical.  Symmetrical. 

The  former,  produced  by  direct  chlorination  of  acetone,  is  an  oily 
liquid,  having  a  density  of  1-236  at  21^,  and  boiling  at  120°. 

The  symmetrical  modification,  obtained  by  oxidation  of  sym- 
metrical dichlorhydrin,  CHoCl.CHOH.CHgOl,  crystallises  in  rhom- 
bic plates,  melts  at  43°,  and'boils  at  172°-174°. 

Condensation-products  of  Acetone. — ^lien  acetone  is  sub- 
jected to  the  action  of  dehydrating  agents,  such  as  sulphuric  acid, 
quick-Ume,  zinc  chloride,  or  hycbochloric  acid,  two  or  more  mole- 
cules of  it  unite  together,  with  separation  of  water,  to  form  a  con- 
densation-product ; thus : 

2O3H0O    -    H2O    =  OeH.oO 

Mesityl  oxide. 

3C3H„0    -  2R.fi    =  C0H14O 

riiorone. 
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These  bodies  are  best  prepared  by  satiirating  acetone  with  gaseous 
hydrogen  chloride,  leaving  the  liqiiid  to  itself  for  some  time,  and 
treating  the  product  with  alcoholic  potash.  On  dilution  with  water 
an  oily  liquid  is  obtained,  consisting  of  mesityl  oxide  and  phorone, 
which  may  be  separated  by  fractional  distillation. 

Mesityl  Oxide,  g^C-^O^CH.CO.CHg,  is  a  colourless  oil, 

smelling  like  peppermint,  and  boiling  at  130°.  Treated  with  phos- 
phorus pentachloride,  it  is  converted  into  the  chloride,  GgHioOlg. 
By  boding  with  dilute  sulphuric  acid,  it  is  resolved  into  two  mole- 
cides  of  acetone. 

An  isomeric  compound,  called  Metacetone,  is  formed  by  distil- 
ling sugar  with  lime ;  it  is  a  liquid  boiling  at  84°. 

Phorone,  C^K^fi,  probably  ^^C=Q^—G^^—^^—^^ 

— This  body  crystallises  in  large  yellowish  prisms,  melts  at  28°, 
boils  at  196°,  and  when  boiled  with  dilute  siilphuric  acid  takes  up 
water,  and  is  resolved  into  3  molecules  of  acetone  :  ^ 

Acetophorone,  produced  by  heating  acetone  with  quick  lime,  and 
camphophorone,  obtained  from  camphoric  acid,  appear  to  be  isomeric 
with  the  phorone  obtained  as  above. 

Acetone  heated  with  strong  sulplmric  acid  yields  a  distOlate  of 
meaitylene  or  trimethylbenzene,  a  body  belonging  to  the 
aromatic  group  : 

SCsHgO  =  3H,0  +  C0H12. 

The  same  body  is  formed  by  the  action  of  sulphuric  acid  on 
phorone.  Other  ketones  heated  with  sulphuric  acid  likewise  yield 
derivatives  of  benzene. 

Acetonamines.*— Acetone,  heated  with  ammonia,  yields  a 
mixture  ot  three  bases,  the  composition  and  mode  of  formation  of 
which  are  mdicated  by  the  following  formula; : 

Diacetonamine,  CgHijNO  =  SCgHgO  +  NH3  -  H^O . 

Triacetonamine,  CpHiyNO  =  SCgHoO  +  NH3  -2H2O. 

Dehydrotriacetonamine,    CgHiflN     =    CgHi^NO  -  H2O . 

iJiacetonamine  is  the  chief  product  obtained  at  a  moderate  heat, 
and  IS  Ijest  prepared  by  passing  dry  ammonia  gas  into  a  ilask  con- 
taming  acetone  in  a  state  of  gentle  ebullition.  It  is  a  colourless 
hquid,  having  an  amtnoniacal  odour  and  strong  allcaline  reaction  ; 
nu.xes  in  all  proportions  with  water,  alcohol,  and  ether,  oxidises 
and  turns  brown  on  exposure  to  the  air ;  fomis  crystalline  salts 

07fi  ?Qo^''*^'  I^'ebig's  Annalen,  clxxiv.  133;  clxxviii.  305,  326;  cLxxxiii, 
^10,         Sokoloff  and  LatschinofL—Dcid.  Chem.  Ges.  Bor.  vii.  1384. 
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vnth.  hydrocliloric,  sulpliuric,  and  oxalic  acids  ;  the  iilatinochloride, 
2(CgHj3NO.HCl).PtCl4,  crystallises  from  water  ia  orange-yellow 
monoclinic  prisms  containing  2  molecules  HgO  . 

Triacetonamine,  CgHi^NO,  is  the  chief  product  obtained  at  higher 
temperatures,  and  is  best  prepared  by  boiling  diacetonamine  with 
acetone  in  a  flask  iitted  with  a  reversed  condenser.  It  crystallises 
in  large  colourless  square  tablets  or  long  needles,  having  a  faint 
ammoniacal  and  camphorous  odour,  and  melting  at  39'6°.  It  dis- 
solves easily  in  water,  alcohol,  and  ether  ;  the  aqueous  solution  has 
a  strong  alkaline  reaction.  It  may  be  partly  volatilised  without 
decomposition  at  100°,  but  decomposes  at  higher  temperatures.  The 
hydrochloride,  CgHjT-NO.HCl,  crystallises  fi'om  alcohol  in  small 
needles.  The  platinochloride,  2(C9HifNO.HCl).PtCl4  +  3H2O, 
forms  tufts  of  long  golden-yellow  needles,  easily  soluble  in  water, 
sparingly  in  alcohol. 

An  uncrystallisable  modification  of  triacetonamine,  called  isotri- 
acetonamine,  is  contained  in  the  mixture  of  bases  formed  by  the 
action  of  ammonia  on  acetone.  It  forms  a  crystalline  platino- 
chloride  containing  2H2O . 

Dehydrotriacetonamine,  CgHjgN,  is  obtained  by  distilling  the 
last  mother-liquor  of  the  same  crude  product  with  potash  :  it  forms 
a  platinum  salt,  2(CgHj5N.HCl).PtCl4,  which  crystallises  in 
oblique  rhombic  prisms. 

Dehydropentacetonamine,  C15II23N,  is  obtained,  amongst 
other  products,  by  heating  triacetonamine  with  hydrochloric  acid  : 

5C9H17NO  +  2HC1  =  3C16H23N  +  2NH4CI  +  5H2O . 

The  hydrochloride  forms  small  colourless  crystals,  slightly  soluble 
in  water.  The  free  base  separates  as  an  oil  on  adding  an  alkali  to 
the  solution  of  the  hydi-ochloride. 

Methyl-ethyl  Ketone,  C^HgO  =  C0<§^  ,  is  formed: 

1.  By  oxidation  of  secondary  butyl  alcohol. — 2.  By  the  action  of  zinc- 
ethyl  on  acetyl  chloride,  or  of  zinc-methyl  on  propionyl  chloride. — 

3.  By  distilling  a  mixtiu-e  of  propionate  and  acetate  of  calcium. — 

4.  By  oxidation  of  methyl-ethyl-oxalic  acid  (see  Oxalic  acid): 

C2H>^<C?.H  +  0  =  CO2  +  H2O  +  g5>C0. 
4.  By  the  action  of  alkalis  on  ethyUc  aceto-acetate  (see  Carbo- 

KETONIC  acids)  : 

CH  CH 
C0<'     ^  +2K0H  =  C0<'     *  +C03Ka-{-C2H5(0H). 

^CH(OH3).C02.C2H5  ^CH„CH3 

It  is  a  fragrant  liquid,  of  specific  gravity  0-8]  2  at  13°,  boiling  at 
81°  ;  unites  with  acid  sulphites  of  alkali-metals  ;  yields  by  oxidation 
two  molecules  of  acetic  acid. 
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The  higher  members  of  the  series  admit  of  isomeric  modifications, 
the  formida,  CjH^oO,  including  three,  and  CqUj^O,  six  isomeric 
ketones. 

The  following  table  exhibits  the  specific  gravities,  boiling  points, 
and  products  of  oxidation  of  the  best  known  ketones  of  the  series : 


Ketones. 


Boiling 
Point. 


Specific 
Gravity. 


Products  of 
Oxidation. 


Dimethyl  Ketone,  C3Hj50=CO< 
Methyl-ethyl  Ketone,  C4HsO=CO  < 


Ketones,  CsHiqO  : 


.  Methyl-propyl  Ketone,  CO  <  ^q^^-^  (C2H5)  • 

.  Metliyl-isopropyl  Ketone,  C0<  cHCCHj^a  • 

.  Diethyl  Ketone  or  Propione,  CO  <  S^S' 

Ketones,  CjHijO: 
.  Methyl-butyl  Ketone,  CO  <  (^^'^^^cHj 

.  Methyl-isohutyl  Ketone,  C0<  gg^.cHfCH^)^ 
.  Metliyl-hatabntyl  Ketone,  CO  <  £J^,3„  , 
I  Ethyl-propyl  Ketone,  CO  <  (^^^^(CHa)  • 

Ketones,  CjHi  jO : 
I  Dipropyl  Ketone,  C0<  ^3^7 

Di-isopropyl  Ketone,  C0<  ^^g? 

^3117 

•.Diethylacetone,CO<CI[3^^jj^^^  .  . 
'.  Methyl-pentyl  Ketone,  CO  <  ^}\^ 

I  Methyl-hexyl  Ketone,  CgHijO  =  C0<^^ 

•Dl-lsobntyl  Ketone  or  Valerono,  ) 
C8H,80=CO(C4nj)j}- 

Ketones,  CiiITjjO  : 
Dlamyl  Ketone  or  Caprone,  COCCjH,,), 

*•  Methyl-ncnyl  Ketone,  C0< 

Dlhexyl  Ketone  or  CEnanthone,  I 
Ci^HjeO  =  C0(C„H,3)2; 
f  Iheptyl  Ketone,  C,5n,„0  =  00(0,11,5)2 
Dinonyl  Ketone,  Cy.K^^O  =  C0(Cjn,„)2 


68° 
81° 

99-101° 
93-«° 
101° 

127° 
114 

106° 

128° 

144° 
123-124° 
137-139° 
155-156° 

171° 

182° 

220° 
225° 

255° 

280° 
360° 


0-814  at  6° 
0-812  at  13° 

0-807  at  18° 
0-810  at  13° 
0-813  at  20° 

0-829  at  0° 
0-819  at  0° 
0-823  at  0° 

0-833  at  0° 
0-82  at  20 

0-817  at  22° 
0-813  at  20° 
0-818° 

0-833  at  30° 


Melting  pt. 
15° 


30° 

40° 
58° 


(Formic  and  Acetic 
(  acids. 

Acetic  acid  (2  mol.) 


(Acetic  and  Pio- 
(   pionic  acids. 


(Acetic  and  Pro- 
"i.   pionic  acids. 


(Acetic  and  Buty- 
1.   ric  acids. 

(Acetic  and  Isobu- 
\    tyi-ic  acids. 
<  Acetic  and  Tri- 
^  methylacetic 
I  acids. 


(Butyi-ic  and  Pro- 
(   pionic  acids, 
fisobutyric  acid, 
■I    Acetic  acid,  and 
(  CO2. 


(Acetic  and  normal 
\    Valeric  acids. 

(Acetic  and  Ca- 
(    proic  acids. 


(Aootic  and  Pelar- 
"l  gonic  acids. 
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Methyl-lcatalutyl  Ketone,_  CH3— 00— 0(CH3)2,  is  probably  the 
compound  called  pinacolin,  formed  by  beating  pinacone,  OgH^Og 
(p.  177),  with  hydrochloric  or  dilute  sulphuric  acid.  It  Is  likewise 
formed  by  the  action  of  zinc-methyl  on  trimethacetyl  chloride : 

200<gp^3)3  +  Zn(CH3)2  =  ZnOl^  +  2G0<^^f^^' . 

Nascent  hydrogen  converts  it  into  pinacolyl  alcohol  or  methyl-kata- 
butyl  carbinol,  0(CH3)3— OHOH— CH3  (p.  155). 

Methyl-nonyl  Ketone,  OH3— CO— OgHjg,  is  the  chief  constituent  of 
oil  of  rue,  and  may  be  extracted  therefrom  by  agitation  with  acid 
sodium  sulphite.  It  is  formed  artificially  by  distilling  a  mixture  of 
calcium  acetate  and  rutate : 

^  ^O.CO.CHj  ^  p  ^O.CO.CgHio      „pp>       ,  gpf^^CH3 
^'^<0.C0.0H3  +  ^^<0.C0.cX9  =  2^*^3Ca  +  2^^<c,R,,' 

It  is  an  oily  liquid,  with  a  bluish  fluorescence,  soHdiiying  at  low 
temperatures  to  a  laminar  mass. 


ORGANIC  ACIDS. 


Organic  acids,  or  Carbon-acids,  contain  the  univalent  group, 

COOH  or  0=(!!— OH  (caUed  carboxyl  or  oxatyl),  linked  by 
its  free  combining  unit  with  a  hydrocarbon  residue,  and  they  may 
be  regarded  as  derived  from  hydrocarbons,  saturated  or  unsaturated, 
by  the  substitution  of  one  or  more  of  these  univalent  groups  for  an 
equal  number  of  hydrogen-atoms ;  thus : 


from  CH.  are  derived  CH, 


-CO2H 


and 


Methane. 


C^H,, 

Ethan© 


CsHfl 
Propene. 


Acetic  acid. 

C2H5.CO2H 
Propionic  acid. 


C3H5.CO2H 
Crotonic  acid. 


Molonic  acid. 
n  TT  .^C02H 

C2Jl4<,QQ^JJ 

Succinic  acid. 

n  TT  ^C02H 
'-3«^4<.C02H 
Citraconic  acid. 


Many  acids  are  formed  by  oxidation  from  primary  alcohols,  the 

2  oi 
thus : 


H2  of  the  groups  CHgOH  in  these  alcohols  being  replaced  by  0 
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A.lcolwls. 

Acids. 

CH3 

CH3 

CH2 

CH2 

Propyl  alcohol. 

Propionic  acid. 

CH,OH 

CH2OH 

COOH' 

CH2 

CHgOH 

COOH 

COOH 

P  Propene  glycol. 

/3  Lactic  acid. 

Malonic  acid. 

CH.,OH 

CH,OH 

COOH 

CHOH 

CHOH 

CHOH 

CH2OH 

COOH 

COOH 

Glycerin. 

Glyceric  acid. 

Oxymalonic  acid. 

An  acid  may,  however,  contain  one  or  more  hydi-oxyl  groups  not 
directly  connected  with  the  group  CO,  and  the  hydrogen  in  these 
groups,  as  well  as  in  the  group  COgH,  is  replaceable  by  alcohol- 
radicles  (also  by  alkali-metals)  producing  acid  ethers,  or  alcoholic 
acids,  e.g.,  ethyl-lactic  acid,  CH^COCaH^)— CH2— CO.OH. 

The  total  number  of  hydroxyl  groups  in.  an  organic  acid  is  the 
same  as  that  of  the  alcohol  from  which  it  is  derived,  and  this 
determines  the  atomicity  of  the  acid,  and  the  number  of  ethers 
which  it  is  capable  of  forming  with  any  given  alcohol-radicles; 
thus  /3-lactic  acid,  though  it  contains  only  one  atom  of  basic  hydro- 
gen, and  therefore  forms  only  one  class  of  metallic  salts,  represented 
by  the  formula  CgHgOgM,  is  diatomic,  like  propene-glycol,  and  can 
lorm  two  ethyhc  ethers,  viz.,  ethyl-/3-lactic  acid  and  cUethyl  /3-lactate 
or  ethyUc  ethyl-lactate ;  thus : 

CH2OH  CH^OCsH. 

CH2  ch; 

COOH  COOH 


CHoOCoH, 
CH     '  ' 


/3-Lactic  acid 
(monobasic). 


Ethyl-/3-Iactic 
acid  (mono- 
basic). 


COOC2H5 

Diethylic 
g-Iactate 
(neutral). 

From  these  considerations  it  appears  that  monatomic  acids  must 
necessarily  be  monobasic ;  but  diatomic  acids  may  be  either  mono- 
oasic  or  bibasic ;  triatomic  acids,  either  monobasic,  bibasic,  or  tri- 
basic ;  and  so  on. 

Many  of  the  most  important  acids  are  derived,  in  the  manner 
above  explained,  from  actually  known  alcohols ;  others,  tliough  they 

■it  ""^^Icohols  actually  corresponding  with  them,  are  homologous 
"With  other  acids  derived  from  known  alcohols  ;  but  there  is  also  a 
considerable  number  of  acids,  especially  those  formed  in  the  vege- 
table or  animal  organism,  which  cannot  be  regarded  as  derivatives 
01  alcohols  of  any  known  series;  but  the  number  of  these  unclassi- 
ned  acids  will  doubtless  diminish  as  their  composition  and  reactions 
become  more  thoroughly  known. 
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Acids  may  also  be  regarded  as  compounds  of  hydroxyl  with 
oxygenated  radicles  (acid  radicles)  formed  from  the  corresponding 
alcohol-radicles  by  substitution  of  0  for  Hg ;  e.g., 

C2H..OH  C2H3O.OH 
Etliyl  alcolioL  Acetic  acid. 

C3He(OH)2  C3H,0(OH)2  0,B.f>,{OB.\ 

Propene  glycol.  Lactic  acid.  Malonic  acid. 

The  replacement  of  the  hydroxyl  in  an  acid  by  chlorine,  bro- 
mine, or  iodine,  gives  rise  to  acid  chlorides,  &c. ;  thus  from  acetic 
acid,  C2H30(OH),  is  derived  acetic  chloride,  C2H3OCI,  &c.  The 
replacement  of  the  hydrogen  within  the  radicle  (radical  hydrogen) 
by  the  same  elements,  or  by  the  groups,  CN,  NOj,  NHj,  &c.,  gives 
rise  to  chlorinated,  brominated,  cyanated,  nitrated,  and  amidated 
acids.  Lastly,  the  replacement  of  the  extra -radical  or  tyjiic 
hydrogen  by  alcohol-radicles  gives  rise  to  ethereal  salts  of  compoimd 
ethers;  and  its  replacement  by  acid  radicles  yields  acid  oxides  or 
anhydrides  (p.  26).  The  derivatives  of  each  acid  will  be  described 
in  connection  with  the  acid  itself. 


Monatomic  Acids. 

These  acids,  being  derived  from  monatomic  alcohols  by  substitution 
of  0  for  Hg,  necessarily  contain  two  atoms  of  oxygen.  Each  series 
of  hydi'ocarbons  yields  a  series  of  monatomic  alcohols  and  a  series  of 
monatomic  acids  ;  thus : 

Hydrocartions.                   Alcohols.  Acids. 

CnH2n-t-2  CnH2n+20  CnH2n02 

CnH2n  CnH2„0  C„H2n_202 

CnH2n-2  CnH2n-20  CnH2n-40-2 

CnH2n-4  CnH2n-40  CnH2n-602 

&c.  &c.  &c. 

The  best  known  monatomic  acids  are  those  belonging  to  the 
series  OnH2n02,  CnH2n-202,  CnH2n-802,  and  CnH2n -10O2.  The  last 
two  belong  to  the  aromatic  group.  Of  the  other  series  only  a  few. 
terms  have  hitherto  been  obtained. 


1.  Acids  of  the  Fatty  Series, 

C„H2n02     -    Cn-lH2a,l .  CO2H    =  CnH2n^lO.OH. 

These  acids  are  called  Fatty  or  Adipic  Acids,  because  most 
of  them  are  of  an  oily  consistence,  and  the  higher  members  of  the 
series  are  solid  lats.  The  following  is  a  list  of  the  lino^vn  members 
of  the  series : 
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^12-^2402 

^14-^2802 
^10^3202 

^20^4002 
C22H44O2 
^27^5402 
^30^00  *-*2 


Formic  acid,    .    .    .  CH2O2  Laurie  acid,  .  . 

Acetic  acid,  ....  C2H4O2  Mp-istic  acid,  . 

Propionic  acid,     .    .  CgHgOg  Palmitic  acid,  . 

Butyric  acid  (normal),  CjHgOj  Margaric  acid,  . 

Valeric  acid      „      .  CJI^qO^  Stearic  acid, .  . 

Caproic  acid      „      .  CgH^202  Ai-acliidic  acid, . 

(Enanthylic  acid,  .    ,  CyH^Oj  Behenic  acid,  . 

CapryUc  acid,  .    .    .  CgH^gOa  Cerotic  acid,  . 

Pelargonic  acid,    .    .  CgHigOa  Melissic  acid,  . 

Eutic  or  Capric  acid,  .  CioH2od2 

The  higher  members,  from  valeric  acid  upwards,  are  sometimes 
denoted  by  names  indicating  their  number  of  carbon-atoms,  and  the 
alcohols  from  which  they  are  derived,  e.g.,pentoic,hexoic,  heptoic,&,c. 

The  acid  radicles  in  the  formula,  CnH2n-i(0H)  may  be  re- 
garded as  compounds  of  carbonyl  CO,  with  alcohol-radicles: 
CnH2n-iO  =  C0(Cn-iH2n-i),  ancl  accordingly  the  several  acids 
may  be  formulated  as  follows  : 

COH.OH         C0(CH3).0H  CO(C2H5)OH 

Formic.  Acetic.  Propionic. 

All  the  acids  of  the  series  containing  more  than  three  carbon- 
atoms  admit  of  isomeric  modifications,  according  to  the  constitution 
of  the  alcohol-radicles  which  they  contain :  butyric  acid,  C5H8O2, 
for  example  may  exhibit  the  following  modifications : 


CH2CH2CH3 


CH(CH3)2 


or 


COOH  COOH 

Normal  butyric  acid.  Isobutyric  acid. 

But  none  of  these  acids  can  exhibit  modifications  analogous  to 
the  secondary  and  tertiary  alcohols :  because  in  them  the  carbon- 
atom  which  is  associated  with  hydroxyl  has  two  of  its  other  units  of 
equivalence  satisfied  by  an  atom  of  bivalent  oxygen,  and  therefore 
cannot  unite  directly  with  more  than  one  other  atom  of  carbon. 
Accordingly,  it  is  foimd  that  the  secondary  and  tertiary  alcohols  are 
not  converted  by  oxidation  into  acids  containing  the  same  number 
of  carbon-atoms  as  themselves. 

Occurrence.— Most  of  the  fatty  acids  are  found  in  the  bodies  of 
plants  or  animals,  some  in  the  free  state  ;  formic  acid  in  ants  and 
nettle,s  ;  valeric  acid  in  valerian  root ;  pelargonic  acid  in  the  essen- 
tial oil  of  Felargonium  roscum;  and  cerotic  acid  in  bees' -wax. 
Others  occur  as  ethereal  salts  of  nionatoniLc  or  polyatomic  alcohols : 
as  cetyl  palmitate  in  spermaceti ;  ceryl  cerotate '  in  Chinese  wax  ; 
glyceric  butyrate,  palmitate,  stearate,  &c.,  in  natural  fats. 

F ormation. — 1.  By  oxidation  of  the  primary  alcohols  of  the  methyl 
senea,  as  by  exposure  to  the  air  in  contact  with  platinum  black,  or 
by  heating  with  aqueous  chromic  acid. — 2.  By  the  oxidation  of  alde- 
hydes. In  this  case  an  atom  of  oxygen  is  8imi)ly  added  :  e.u.. 
C^H.O  (aldeby de)  4-  0  =  C2TI,02  (acetic  acid).  ' 
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3.  By  the  action  of  carbon  dioxide  on  the  potassium  or  sodium 
compound  of  an  alcohol-radicle  of  the  methyl  series  ;  thus  : 

CO2       +       CHgNa       =  CHg-COaNa 

Carbon  Sodiura  Sodium 

dioxide.  metMde.  acetate. 

A.  By  heating  the  ethylate  of  an  alkali-metal  in  alcoholic  solution 
with  carbon  monoxide  under  pressure  :  e.g., 

CjHjOK     +     CO     =  C2H5.CO.OK. 

Potassium  Potassium 
etiiylate.  acetate. 

This  reaction,  however,  is  slow,  and  yields  but  a  small  product. 

5.  By  the  action  of  alkalis  or  acids  on  the  cyanides  of  the  alcohol- 
radicles,  CnH2n-hi ;  thus : 

CnH2n+l  CnH2n+l 

+  KOH    -1-    H,0    =      I  +  NH, 

COgK 

Alcoholic  Potassium  Water.         Potassium-salt  Ammo- 

cyanide,  hydroxide.  of  fatty  acid.  nia. 

and  : 

CnH2n-f-1.CN  -t-  HCl  -1-  2H2O  =  C„H2n+i.C02H  +  NH^Cl 

Alcoholic      Hydrochloric       Water.  Potassium  Ammonium 

cyanide.  acid.  salt.  chloride. 

In  this  manner  the  cyanide  of  each  alcohol-radicle  yields  the 
potassium  salt  of  the  acid  next  higher  in  the  series,  that  is,  con- 
taining one  atom  of  carbon  more ;  methyl  cyanide,  for  example, 
yielding  acetic  acid,  ethyl  cyanide  yielding  propionic  acid,  &c. : 
thus  : 

CH3.CN    +    KOH    -1-    H2O    =    CH3.C0,K    +  NH3 

Methyl  Potassium 
cyanide.  acetate. 

6.  By  the  action  of  water  on  the  corresponding  acid  chlorides : 
e.g., 

C2H3OCI    -f-    HOH    =    HCl    +  C2H30(OH) 

Acetyl  Acetic  acid, 

chloride. 

Now,  these  acid  chlorides  can  be  produced,  in  some  instances  at 
least,  by  the  action  of  carbonyl  chloride  (phosgene  gas)  on  the 
corresponding  paraffins  ;  thus ; 

CH4  COCI2     =     HCl     +  C2H3OCI 

Methane.  Carhonyl  Acetyl 

chloride,  chloride. 

C^Hi^  +    COCI2     ^     HCl     4-  C.HgOCl 

Butane.  Carhonyl  Valeryl 

clilorlde.  chloride. 

By  these  combined  reactions,  therefore,  the  paraffins  may  he 
converted  into  the  corresponding  fatty  acids. 
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7.  By  the  action  of  phosgene  on  the  zinc-compounds  of  the 
alcohol-radicles,  whereby  acid  chlorides  are  formed,  to  be  subse- 
quently decomposed  by  water : 

Zn(CH3)2    +    2COCI2    =    ZnClg    +  2(CH3.C0C1) 

Zinc-methyl.  Acetyl  cMoride. 

8.  By  dissolving  sodium  in  methylic  or  ethylic  acetate,  adding  the 
iodide  of  an  alcohol  radicle,  heating  the  mixtiu'e  to  100°  and  dis- 
tilling. The  reaction,  which  is  complex,  and  will  be  more  fully 
explained  hereafter  (see  Carbo-ketonic  Acids),  may  be  viewed — 
so  far  as  our  present  purpose  is  concerned — as  consisting  in  the  sub- 
stitution of  1  or  2  atoms  of  sodiiun  for  hydrogen  in  the  methyl- 
group  of  acetic  acid,  and  the  decomposition  of  the  resulting  com- 
pound by  the  alcoholic  iodide :  e.g., 


ic 


COgCgHg 

Ethylic  sod- 
acetate. 

CHNa, 


+ 


CH3I 


Nal    -1-  I 


CH,(CH3) 


CO2C2H5 

Ethylic  methyl 
acetate. 


O2C2H5 

Ethylic  di- 
sodacetate. 


-1- 


2CH3I 


2NaI     +  I 


CH(CH3)^ 


3/2 


COgCgHg 

Ethylic  dimethyl 
acetate. 


The  resulting  ethers  saponified  with  caustic  potash  yield  the  free 
acids ;  thus  : 


CH(CH3)2 


i 


+  KOH 


Ethylic  dimethyl- 
acetate. 


C2H5OH 


Alcohol. 


+  I 


CH(0H3)2 


CO2H 

Dimethylacetic  or 
Isobutyric  acid. 


Ethyl-acetic  or  normal  butyric  acid,  CH^(C2H:p)— CO2H,  and 
other  members  of  the  series,  may  be  obtained  m  a  similar  manner. 

The  eight  modes  of  formation  above  given  are  general,  or  capable 
of  being  made  so.  There  are  also  special  methods  of  producing 
particular  acids  of  the  series,  but  in  most  of  these  cases  the  re- 
actions cannot  be  distinctly  traced ;  thus  formic,  acetic,  propionic, 
butyric,  and  valeric  acids  are  produced  by  the  oxidation  of  albumin, 
fibrin,  casein,  gelatin,  and  other  similar  substances ;  proi^ionic  and 
butyric  acids,  in  certain  kinds  of  fermentation  ;  acetic  acid  by  the 
destructive  distillation  of  wood  and  other  vegetable  substances. 

Properties. — Most  of  the  fatty  acids  are,  at  ordinary  temperatures, 
transparent  and  colourless  liquids;  formic  and  acetic  acids  are 
watery ;  j)ropionic  acid  and  the  highei:  acids,  up  to  pelargonic  acid, 
are  oily ;  rutic  acid  and  those  above  it  are  solid  at  orcbnary  tem- 
peratures, most  of  them  being  crystalline  fats;  cerotic  and  melissic 
acids  are  of  waxy  consistence. 
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Reactions. — 1.  Wten  tlie  fatty  acids  are  submitted  to  the  action 
of  nascent  oxygen  evolved  by  electrolysis,  the  carboxyl  (COOH) 
contained  in  them  is  resolved  into  water  and  carbon  dioxide,  and 
the  alcohol-radicle  is  set  free  (p.  40) ;  thus : 

2(C4H9.C02H)    +    0    =    H2O    +    2CO2    +  C4H9.C4H9 

Valeric  acid.  »i^"»y>- 

2.  When  the  ammonium  salt  of  either  of  these  acids  is  heated 
with  phosphoric  oxide,  it  gives  up  water,  and  is  converted  into  the 
cyanide  of  the  alcohol- radicle  next  below  it;  e.g.,  ammonium 
acetate  into  methyl  cyanide : 

CH3— COONH4     -     2H2O      =     CH3— CN. 

This  reaction  is  the  converse  of  the  fifth  mode  of  formation  above 
given. 

3.  By  distUling  the  potassium  salt  of  a  fatty  acid  with  an  equiva-  j 
lent  quantity  of  potassium  formate,  the  corresponding  aldehyde  is 
obtained : 

CH3.CO.OK    -t-    H.CO.OK    =    CH3.COH    +  K2CO3; 

Acetate.  Formate.  Aldeliyde.  Carbonate. 

and  the  aldehyde,  treated  with  nascent  hydrogen,  is  converted  into 
a  primary  alcohol  (pp.  117,  245). 

4.  By  subjecting  the  barium  or  calcium  salt  of  a  fatty  acid  to 
dry  distillation,  a  similar  decomposition  takes  place,  resulting  in 
the  formation  of  a  ketone;  and  the  ketone,  treated  with  nascent 
hydrogen,  yields  a  secondary  alcohol  (pp.  117,  259). 

By  these  reactions,  the  fatty  acids  may  be  converted  into  alcohols. 

5.  The  fatty  acids,  heated  with  alcohols  in  sealed  tubes,  yield 
compoivnd  ethers,  or  ethereal  salts,  water  being  eHndnated: 

C4H70(OH)    +    HOC2H5    =    H2O    -1-  C,H-0(OC2H5) 

Butyric  Ethyl  Ethyl 

acid.  alcohol.  butyrate. 

The  conversion,  however,  is  never  complete,  a  portion,  both  of  the  ■ 
acid  and  of  the  alcohol,  remaining  unaltered,  ia  whatever  propor-  ■ 
tion  they  may  be  mixed  (p.  112). 

The  ethereal  salts  of  the  fatty  acids  are,  for  the  most  part,  more  • 
easily  obtamed  by  acting  upon  the  alcohol  with  an  acid  chloride, , 
or  by  passing  hydrochloric  acid  gas  into  a  solution  of  the  fatty  acid  I 
ia  the  alcohol ;  thus  butyric  chloride  and  ethyl  alcohol  yield  ethj'-l-  • 
butyrate : 

C.HjOCl    +    HOC^H,    =    HCl    +  CiH,0(0C2H,). 

Another  method  very  commonly  adopted,  is  to  distil  a  potassium  i 
salt  of  the  fatty  acid  with  a  mixture  of  the  alcohol  and  strong; 
subihuric  acid.  In  this  case  an  acid  sulphirric  ether  is  first  formed  I 
(as  ethyl-sulphuric  acid  from  ethyl  alcohol,  p.  136),  and  this  acts  i 
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■  ^'"^  ^^^^^t^-t-^  the 

Dutyiate.  butyrate.  sulphate. 

r^'^'i'''^  ^^"y  '-'ci^^s  '^re  either  yolatUe  oily  or 

hn'/    V'lT  ^37«tfli^e  solids,  for  the  most  part  Ssoiubk  in 
^ater  but  soluble  in  alcohol  and  in  ether.    When  clittmed  with 

b/tV:^?a1St^\°thyl\tt?:  ^^^^^  ^^^^^^^ 

CAO(OC,H,)  +  HOH  =  C,H,0(OH)  +  C,H,(OH). 

3C,H30(OH)  +  PCI3    =  PO3H3  +  3C,H30C1 
3C3H30(OH)  +  PCI3O  =  P0,H3  +  3C,H30C1. 
C,H30(0H)  +  PCI,  =  PCI3O  +  HCl  +  c;H30C1 

2ther.  "^onea,  yielding  hydrochloric  acid  and  a  compound 

7.  The  chlorides  of  the  acid  radiclp<!   n  Wo     n      ^    ■  ■,  '  ■. 

C,H30CI  +  2NH3  =  NH,C1  +  NH,(C,H30) . 

F&ide  co^T^^n^Sl^g^itTS^^^^^^^^^  -^^^^  - 

C,Pl30Cl  +  C,H30(0K)  =  KCl  +  (C,H30),0 . 
Wtot-c'^Srtr^'"  .Med  with  the  potassium  salt  of  another 

C2H3OCI    +    CVH,0(OK)    =    KCl    +  M^Ojo 

Acetic  p„j     ,  '-^r^'r,^  ) 

chloride.  hi'  'I™  Accto-ben- 

I,  rm  benzoate.  ,.oic  oxirlo. 
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ing  a  cby  lead-salt  of  the  acid,  in  a  sealed  tube  with  carhoa  bisul^ 
phide;  e.g., 

2Pb  \  +  CS,  =  2PbS  +  CO,  +  2(C,H30),0 

(  OO2JI3U  Acetic  oxide.  : 

Lead  acetate. 

The  oxides  of  the  fatty  acid  radicles  are  graduaUy  decomposed  by 
water!  quSy  when  heated,  yielding  two  molecules  of  the  corre- 
spondmg  acid : 

(CaHgO)^  +  HP  =  2C2H30(OH). 
Those  containing  two  acid  radicles  yield  one  moleciile  of  each  of 

*^LTonSt^f  '^luc  cicles  i^ygen-etkers),  the  acid  oxides  are 
converted  into  ethereal  salts : 

Acetic  oxide.  Ethyl  oxide.  Ethyl  acetate. 

With  alcohols,  in  like  manner,  they  yield  a  mixture  of  a  compound 
ether  with  the  acid :  ^,^ttn 
(C,H30),0  +  C,H,(OH)  =  C,H30(OC3H,)  +  C,H  P(OH) 

icetic  oxide.  Ethyl  alcohol  Ethyl  acetate.  Acet.cacd. 

The  acid  oxides  are  decomposed  by  ammonm  gas,  yielding  a 
mixture  of  an  ammonium-salt  with  an  amide ;  e.g., 

(G,H30)P  +  2NH3  =  C,H30(0NH,)  +  NHAH3O. 

9.  The  fatty  acids,  subjected  to  the  action  oi  chlorine  f'"^'".^"^' 
give  off  hydrochloric  or  hydi-obromic  acid,  and  are  converted  into 
fXtitution-compounds  containing  one  or  more  atoms  f  ch to 
or  bromine  in  place  of  hydrogen ;  but  it  is  only  the  hydrogen  ^v  ithm 
tL  radicle  tlmt  can  be'thus  exchanged,  not  tl^^*  f  ongin^^ 
hvdroxyl  group  (the  so-called  typic  hydrogen),  so  that  the  nuuibcr 
of-?hlorine  or  I  romine-atoms  introduced  in  pla.e  of  hydrogen  ^ 
always  less  by  at  least  one  than  the  number  of  hydrogen-atoms  m 
the  acid : 

aH^OCOH)    +    Cl,    =    HCl    -I-  C^HpiOCOH) 

iceiicacid.  •  ^  Chloraceticacid. 

-C,H,0(OH)    -t-    3CI2  =    3HG1  +  CpigOCOH) 

AcetLacid.  Ti-iclUoracetic 

TbP  iodated  acids  of  the  same  series  (or  rather  then-  ethereal 
salts)  are  obtained  by  heating  the  corresponding  bromnie-compoimds 
with  potassium  iodide : 

PTTTirnrorH)    +    KI    =    l^Br    +    C2H.JO(OaH6) ; 

C2H2l3rU(UU2il5i     ^  Ethyl-iodacetatc.  . 


Ethyl-bvom- 
acetai  e. 
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tion  ^vith  sulphmic  acid  ^      obtained  by  decomposi- 

e,l,al  .„  the  number  of  atoms  of  cdorme  or  tomu'e  ~It"  J^" 

acid.  Glycollic 

acid. 

C.B  Br^O,    +    Ag,0    +    Kfi    =    2AaBr    +      n  TT  O 

butyric  acid.  Dioxybu- 

tyiic  acid 

whea  boileil  ivith  ™i<le      ""'""''^  *">«'»S  »P  .Itogetler 

C.H3CIO,    +  -    ra,Cl    +  C,H,(NH,)0,. 

bJc^^sUlStiS;'  "'^^  -Ws,  which  wiU 

Formic  acid,  CH^O.  =  CHOfOH)  -  frmnT-r    rni  • 
occurs  m  the  concentrntPd%tnt«  t^l).    i  -.  ^^•'-'-'•OH.— This  acid 

and  other  part  of  ccSn  r;tot-  W      T'^''  ^^^^ 
may  be  produced  by  VrfiS    eCr  "f 'J'^  I* 

,4eral  meiflfof  S'n  ^^^^^  above-nien- 

a..a.o^;^^d5  wi^rs^s^iirs^s--" 

HCN  +  KOH  4-  H,0  =  NH3  +  CHO(OK). 
clrt  rj;r''^"'T^  ''^  ^P^^''-^!  rcaction,s_viz.,  l.  By  pass- 

ahsol  Ijed,  and  producing  potassium  formate  : 
CO  4-  HOK  =  COH(OK). 

8il^abk^Tmtitl  5';  ^'f'  ^'Y  ""^  P-esence  of  n  con- 

2  By  r .  l!^^       1  ^"'1        "i"re  by  alcoliol  or  etlier. 

y  p.iHsu,g  carbon  dio.xide  and  water-vapour  over  potassium 
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at  a  moderate  heat,  acid  potassium  carhonate,  KHCO3,  being  formed 
at  the  same  time  : 

K,  +  2CO2  +  HP  =  KHCO3  +  KCHO2. 

3.  By  the  action  of  sodium-amalgam  on  a  strong  solution  of 
ammonium  carbonate,  and  by  boilmg_  zmc-dust  a  ^^t^l^J 
metallic  zinc,  oxide,  and  hydrate),  or  zmc  ^^J^^f  ^^^^/iX 
solution.  In  both  these  cases  the  production  of  ^rmic  ^cid  is  due 
to  the  nascent  hydrogen,  which,  m  presence  of  the  alkali,  mutes 
■with  the  CO2  of  the  carbonate  : 

CO2  +  KOH  +  H2  =  HCO2K  +  H2O. 

4.  By  distilliiig  dry  oxalic  acid  either  alone  or  m^xed  with  sand 
or  pumice-stone,  or  better,  with  glycerm  : 

5.  By  boiling  chloroform  with  alcoholic  solution  of  potash  : 

HCCI3  +  4K0H  =  3KC1  +  2H2O  +  H.CO.OK. 

6.  By  the  oxidation  of  sugar,  starch,  gum,  and  o^gamc  substcui^^^ 
in  -eneral.  This  reaction  affords  a  conyement  method  of  prepa^mg 
tSe^cid  :-l  part  of  sugar,  3  parte  of  manganese  d^o^-Jj  ^^^^^  parts 
of  water,  are  mixed  m  a  very  capacious  retort  "^/Xfof  water  are 

Darts  of  oil  of  vitriol,  diluted  with  an  equal  weight  ot  water,  aie 
Jh^  addeS  and  when' the  first  f  olent  effervespce  from  the^^^^ 
engagement  of  carbon  dioxide  has  subsided,  heat  is  cautiously 
Sued,  and  a  considerable  quantity  of  Hquid 
is  very  impm-e  :  it  contains  a  volatile  oily  matter,  a^'l/ou^e  sub 
stance  whiSi  communicates  a  pungency  not  proper  ^  «nnic  a^^^^ 
in  that  dilute  state.    The  acid  liquid  is  f^^^tralised  mth  odium 
carbonate,  and  the  resulting  formate  purified  by  ^^7^*^ 
if  needful  by  animal  charcoal.    From  this,  or  any  other  ot  its  salts, 
solution  of  formic  acid  may  be  readHy  obtained  by  distillation  with 

The  best  mode  of  preparation,  however,  consists  in  heating  oxalic 
acid  in  contact  with  glycerin.    Very  concentrated  g^^^f™  ^^f^S' 
to  crystallised  oxalic  acid,  C.,li,0,  +  2Bfi,  and  the  mixture  is  heated 
to  100-110°,  whereupon  cal-bon  dioxide  escapes,  and  dilute  1 01  mic . 
acid  distns  over.    As  soon  as  the  evolution  of  gas  ceases,  more  oxalic 
Tc    t  ^lded,and  the  heating  continued,  ^yhereupon  a  s  ronger, 
SmiTacid  distils  over,  and  on  further  addition  of  oxahc  acid,  and, 
Snc^  ^1  acid  of  constant  strength  (56  per  cent.)  passes  ov^. 
The  coursTof  the  reaction  is  as  fo1l<,ws  :  The  crystallised  oxahc 
acid  when  heated,  gives  up  its  water,  and  the  remainder  forms  with 
r  glySn  the  mSnoformic  ether  of  glycerin,  or  monoformm  : 

^  „  f  (0H)o  . 

C^H,(0H)3  +  CAH2  =  CO2  +  1-1,0  +  CjHjfoCHD' 


FORMIC  ACID. 


277 


and  the  oxalic  acid  afterwards  added  is  likewise  resolved  into 
anbydi-ous  acid  and  water,  wMch  decomposes  the  forniin  iSto 
glycerin  and  lormic  acid :  . 

^^^^iOcSb  +         =  C3H,(OH)3  +  CHO.OH. 

The  regenerated  glycerin  reacts  mth  the  anhydrous  oxaUc  acid 
reproducing  monoformin.  ' 
_  To  obtain  the  acid  in  its  most  concentrated  state,  the  dilute  acid 
IS  saturated  with  lead  oxide^  the  Hquid  is  evaporated  to  complete 
dryness,  and  the  dried  lead  formate,  reduced  to  fine  powder  is 
very  gently  heated  in  a  glass  tube  connected  with  a  condeus'incr 
apparatus,  through  which  a  current  of  dry  suliDhuretted  hvcbocren 
gas  13  passed.  Jo 

Pure  anhycbous  formic  acid  is  a  clear,'  colouidess  liquid,  which 
lumes  slightly  in  the  air,  has  an  exceedingly  penetrating  odour 
bods  at  about  100°  *  and  crystallises  in  large  brilliant  plates  wS 
cooled  below  0°.  The  specific  gravity  of  the  acid  is  1-233  Its 
japop  IS  inflammable,  and  burns  with  a  blue  flame.  Concentrated 
tormic  acid  is  extremely  corrosive,  attacking  the  skin,  and  forminc^ 
a  blister  or  an  ulcer,  painful  and  difficult  to  heal. 

Formic  acid  mLxes  in  aU  proportions  with  water,  alcohol,  and 
etoer.  ihe  c-iqueous  acid  has  an  odour  and  taste  much  resembUn^^ 
those  of  acetic  acid  :  it  reddens  litmus  strongly,  and  decomposes 
alkaline  carbonates  with  eflfervescence. 

Formic  acid  also  unites  with  water  in  definite  proportion,  forming 
a  hydrate  CE,0,  +  R,0,  which  remains  liquid  at  low  temperatures 

^J''^'  lil^f  •    ™'  Vf^-te  «iay  be'  regarded  as  aViatomfe 
acid,  VIZ.,  orthoformic  acid,  HC(0H)3  • 

di^Hmn,!-!>,''f i        P^jerful  reducing  agent.    It  may  be  readily 

nitrate;  the  metal  is  thus  reduced,  sometimes  in  the  pulveriUent 
Btate,  sometimes  as  a  specu  ar  coating  on  the  glass  tube,  and  car- 
acTd  to  calomel  ''''  ^^ercunc  chloride  is  reduced  by  formic 

Formic  acid  heated  with  oil  of  vitriol  splits  up  into  water  and 
carbon  monoxide,  CH202=H20  + CO. 
Chlorine  converts  it  into  hydrochloric  acid  and  carbon  dioxide  : 

CH2O2  +  CI2  -  2HC1  +  CO2. 

Formic  acid  heated  with  strong  bases  is  converted  into  oxalic  acid, 
With  disengagement  of  hydrogen ;  e.g., 

2CH2O2    +    BaO    =    CjBaO,    +    PI2    +  H^O. 

*  At  9S-5-  (Liebig) ;  100'  (Per.sou) ;  101 'l"  (Roscoe) ;  105'5°  (Kopp). 
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Formates.— The  composition  of  these  salts  is  expressed  by  the 
ormulte,  MCHO^,  M"(CH0.,)2,  M'"(CH02)3,  &c.,  according  to 
the  equivalent  value  of  the  nietal  or  other  positive  radicle  con- 
tained in  them.  They  are  all  soluble  in  water ;  their  solutions 
form  dark-red  mixtui-es  with  ferric  salts.  When  distilled  v,^tli 
strong;  sulphuric  acid,  they  give  off  carbon  monoxide  and  leave  a 
residue  of  sulphate.  The  formates  of  the  alkali-metals  heated  witli 
the  corresponding  salts  of  other  fatty  acids,  yield  a  carbonate  and  an 
aldehyde  (p.  245). 

Sodium  formate  crystallises  in  rhombic  prisms  containing 
CHOoNaaq.  It  reduces  many  metallic  oxides  when  lused  with 
them:  Potassium  formate,  CHOgK,  is  difficult  to  crystallise,  on 
account  of  its  great  solubility.  Am/monium  formate  crystaUises  in 
square  prisms  :  it  is  very  soluble,  and  is  decomposed  at  hi|h  tem- 
Tieratures  into  hydrocyanic  acid  and  water,  the  elements  ot  which 
itcontams:  CHO,NH,  =  2H20  +  CNH.  The  formates  oi  harmm, 
strontium,  calciumi,  and  magnesium  form  small,  prismatic,  easily 
soluble  crystals.  Lead  formate  crystallises  m  smaU,  divergmg, 
colourless  needles,  which  require  for  solution  40  parts  of  cold  water. 
The  vianganous,  ferrous,  zinc,  nickel,  and  cobalt  formates  ave  also  cry s- 
taUisable.  Gupric  formate  is  very  beautiful,  crystallising  in  bright 
blue  rhombic  prisms  of  considerable  size.  Silver  formate  is  white, 
but  slightly  soluble,  and  decomposed  by  the  least  elevation  ot 
temperature. 

Metliyl  formate,  CHO2.CH3,  metanieric  with  acetic  acid  is  pre- 
pared by  heating  in  a  retort  equal  weights  of  neutral  methyl  sul- 
phate and  sodium  formate.  It  is  a  very  volatile  liquid,  lighter  than 
water,  boiling  between  36°  and  38°. 

jSi/M/?  formate,  CHOs.CHg,  metam  eric  with  methyl  acetate  and 
propionic  acid  (p.  30),  is  prepared  by  distilling  a  mixture  ot  1  parts 
of  dry  sodium  formate,  10  of  oil  of  %dtriol,  and  6  of  strong  alcohol. 
The  formic  ether,  separated  by  the  addition  of  water  to  the  distilled  I 
product,  is  agitated  with  a  little  magnesia,  and  left  for  several  days  ■■ 
m  contact  with  calcium  chloride.    Ethyl  formate  is  coloiuiess,  has  ■■ 
an  aromatic  odour,  a  density  of  0-915,  and  boils  at  56°.    Water  ■ 
dissolves  it  to  a  small  extent. 

EtUil  Orthoformate,  nGiOC^UX,  is  produced  by  heating  chloro- 
form with  sodium  ethylate  in  alcoholic  solution : 

HCCI3  +  SCaHgONa  =  3NaCl  +  HC(OC2H5)3. 

It  is  a  liquid  having  an  aromatic  odour,  boiling  at  146°,  insoluble  in 
water.    When  heated  with  glacial  acetic  acid  it  is  resolved  mto , 
formate  and  acetate  of  ethyl. 

Acetic  Acid,  C,HA  =  C,H30(0H  )  =  CH3(C00H)  .-This 
acid  is  foimd  in  small  quantities  m  the  juices  of  plants  and  . 
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m  animal  fluu  s.    It  may  be  produced  by  either  of  the  first  seven 
general  methods  of  iornaation  given  on  pages  269-271,  and  in  i  ar 
tieiilar  by  the  slow  oxidation  of  alcohol.    When  spirit  of  We  is 
•dropped  iipon  platirrum  black,  the  oxygen  condensed  the 
poies  of  the  latter-^  reacts  so  powerfully  upon  the  alcohol  as  to 
cause  Its  mstant  mflammation.    When  the  spii-it  is  mixed  ^dth  a 
little  water,  and  slowly  di-opped  upon  the  finely  divided  metal 
oxidation  stiU  takes  place,  but  with  less  energyf  and  vapour  S 
acetic  acid  is  abundantly  evolved.    In  aU  these  modes  of  formation 
the  acetic  acid  is  ultimately  producible  from  inorganic  materials' 
It  IS  also  lormed  by  the  action  of  nascent  hycbogen  ou  trichloracetic 
acid    which  may  itself  be  produced   from  Siorganic  materials 
Lastly,  acetic  acid  is  obtained,  together  with  many  other  products" 
in  the  destructive  distillation  of  "  wood  and  other  vegetable  sub- 
stances.  c^^^"^^  oliu 

Prqmration.~l  Dilute  alcohol,  mixed  with  a  Httle  yeast,  or 
^v^nt  iT^.r  organic  matter  susceptible  of  putrefaction,  and 
exposecl  to  the  air,  speedily  becomes  oxidised  to  acetic  acid.  Acetic 
acid  IS  thus  manufactured  in  Germany,  by  suffering  such  a  niixtm-e 
to  flow  over  wood  shavings^  steeped  in  a  little  vinegar,  contained  in 
a  large  cylimlrical  vessel  through  which  a  cm-rent  of  air  is  made  to 
^it!''  t  f  •''^^^  extended  sm-face  of  the  hquid  expedites  the 
change,  which  is  completed  m  a  few  hours.  No  carbonic  acid  is 
produced  m  this  reaction. 

inl^.'nrHSirfilPf     T^^  ^P^^^^^^ons  acidification 

an  a  partially  filled  cask  to  which  the  aii'  has  access.  Vmegar  is 
first  introduced  mto  the  empty  vessel,  and  a  quantity  of  wine 
added  ;  after  some  days,  a  second  portion  of  wine  i,  pourkl  in  and 
alter  similar  intervals,  a  third  and  a  fourth.  When  the  who";  has 
become  vmegar  a  quantity  is  dravvn  off  equal  to  that  of  the  wine 
thSfil'^ r'^'V  'T'''''''''''''^-    The  temperatiurof 

made  nV  ti  ^  ^T^f  ^'v '  Pi'eP'^red  from  a  kind  of  beer 
mnt  v^  «l    f"'T'\  The  liquor  is  exposed  to  the  air  m  half- 

0  S,^  1  ;.i  '^^^T.''''-Pl'''K'^''^'l  acidification  is  complete.  Fre- 
K  f  i    li!  ■^^^P^""'^  ^"^'^  i«  afterwards  added,  Mdth  the  view  of 

ducfw:Sld"L  spolSr^""'""'  ^^^^^  '"^^  p- 

tiu^ r''?-n7-'  ^'''''■'^  ^""'^>      "^'^  ^'"^  beech,  is  subjected  to  destruc- 

1  ve  .listi nation  at  a  red  heat,  acetic  acid  is  foimd  among  the  liquid 
condensable  products  of  tlie  operation.  The  distillation  is  cou- 
uacced  m  a  large  iron  cylinder  to  which  a  worm  or  condenser  is 
anactied  ;  a  sour,  watery  liquid,  a  quantity  of  tar,  and  much  inllam- 
maljle  gas  puss  over,  while  charcoal  of  excellent  -luality  remains  in 
ine  retort.  Ihe  acid  liquid  is  subjected  to  distiUation,  the  first 
portion  being  collected  apart  for  the  preparation  of  wood-sinrit 
ine  remainder  is  saturated  with  lime,  concentrated  by  eva])oratioii' 
and  mixed  with  the  solution  of  sodium  sulphate  ;  calcium  sulphat^ 
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is  thereToy  precipitated,  while  tlie  acetic  acid  is  transferred  to  the 
soda.  The  filtered  solution  is  evaporated  to  its  crystallising  point ; 
and  the  crystals  are  drained  as  much  as  possible  from  the  dark, 
tarry  mother-liquor,  and  deprived  by  heat  of  their  combined  water. 
The  dry  salt  is  then  cautiously  fused,  by  which  the  last  portions  of 
tar  are  decomposed  or  expelled :  it  is  then  re-dissolved  in  water,  and 
recrystallised.  Pure  sodium  acetate,  thus  obtained,  readily  yields 
acetic  acid  by  distillation  with  sulphuric  acid. 

The  strongest  acetic  acid  is  prepared  by  distiUing  finely  powdered 
anhydrous  sodium  acetate  with  three  times  its  weight  of  strong 
sulphuric  acid.  The  liquid  is  purified  by  rectification  to  free  it 
from  sodium  sulj)hate  accidently  thrown  up,  and  exposed  to  a  low 
temperature.  Crystals  of  pure  acetic  acid,  CgH^Oa,  then  form  in 
large  quantity  :  they  may  be  di-ained  from  the  weaker  fluid  portion, 
and  suffered  to  melt.  Below  15-5°  this  substance,  often  called 
glacial  acetic  acid,  forms  large,  colourless,  transparent  crystals,  which 
above  that  temperature  fuse  to  a  thin,  colourless  liquid,  of  exceed- 
ingly pungent  and  well-known  odoiu- ;  it  raises  blisters  on  the  skin. 
It  is  miscible  in  all  proportions  with  water,  alcohol,  and  ether,  and 
dissolves  camphor  and  several  resins.  When  diluted  it  has  a 
pleasant  acid  taste.  Glacial  acetic  acid  in  the  liquid  state  has  a 
density  of  1-063,  and  boils  at  120°.  Its  vapour  is  inflammable,  and 
exhibits  the  variations  of  density  abeady  noticed  (i.  253).  At  300°,  or 
above,  it  is  2-08  compared  with  air,  or  30°  compared  with  hydrogen, 
agreeing  exactly  with  the  theoretical  density,  which  is  half  the 
molecular  weight ;  but  at  temperatures  near  the  boiling  point  it  is 
considerably  greater,  being  2-90  at  140°,  and  3-20  at  125°  (referred 
to  air). 

Dilute  acetic  acid,  or  distilled  vinegar,  used  in  pharmacy,  should 
always  be  carefully  examined  for  copper  and  lead ;  these  impuri- 
ties are  contracted  from  the  metallic  vessel  or  condenser  sometimes 
employed  in  the  process.  The  strength  of  any  sample  of  acetic  acid 
cannot  be  safely  inferred  from  its  density,  but  it  is  easily  determined 
by  observing  the  quantity  of  dry  sodium  carbonate  necessary  to 
satiu-ate  a  known  weight  of  the  liquid.  Common  vinegar  contains 
from  5  to  15  per  cent,  of  the  pure  acid. 

Acetic  acid  exhibits  all  the  reactions  of  the  fatty  acids  in  general 
(pp.  272-275).  The  acid  itself  does  not  readily  conduct  the  electric 
current,  but  a  solution  of  jjotassium  acetate  is  decomposed  by 
electrolysis,  with  formation  of  dimethyl,  or  ethane,  and  potassium 
carbonate : 

2(CH3.CO.OK)  +  H^O  =  C.Ho  +  H2  +  CO2  +  C0(0K)2. 

Acetic  acid  is  not  attacked  by  nitric  acid,  but  periodic  acid  con- 
verts it  by  oxidation  into  formic  acid  and  carbon  dioxide,  being 
itseK  reduced  to  iodic  acid  or  even  to  free  iodine : 


c,R,o,  +  0,  ^  CH2O2  +  CO,  +  b:,o. 
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Potassium  acetate  distilled  with  arsenious  oxide  gives  off  a  highly 
inflammable  and  characteristically  fetid  oil,  consisting  chiefly  of 
arsendimethyl  or  cacodyl,  As2(CH3)j. 

Acetates. — Acetic  acid  forms  a  large  number  of  highly  im^Dort- 
ant  salts,  represented  by  the  formula3,  MC2H3O2,  M"(C2H302)2,  or 
M"'(C2H302)3,  according  to  the  ec|nivalent  value  of  the  metal  con- 
tained in  them.  Being  a  monobasic  acid,  it  cannot  form  any  acid 
salts  properly  so  called,  that  is,  by  replacement  of  a  j}art  of  its 
typic  hydrogen  (p.  268);  but  the  normal  acetates  of  the  alkali- 
metals  can  take  up  a  molecule  of  acetic  acid,  just  as  they  take  up 
water  of  crystallisation,  forming  salts  called  acid  acetates  or 
diacetates,  MC2H3O2.C2H4O2.  There  are  also  basic  acetates, 
formed  by  the  union  of  a  molecule  of  a  normal  acetate  with  a 
molecule  of  metallic  oxide  or  hydi-ate. 

Potassium  Acetates. — The  normal  salt,  KCgHgOg,  crystallises 
with  great  diSiciilty :  it  is  generally  met  with  as  a  foliated,  white, 
crystalline  mass,  obtained  by  neutralising  potassium  carbonate 
with  acetic  acid,  evaporating  to  dryness,  and  heating  the  salt  to 
fusion.  It  is  extremely  deliquescent,  and  soluble  in  water  and 
alcohol :  the  solution  is  usually  alkaline,  from  a  little  loss  of  acid 
by  the  heat  to  which  it  has  been  subjected.  From  the^alcohoKc 
solution,  potassium  cai'bonate  is  thrown  down  by  a  stream  of  carbon 
dioxide. 

The  acid  salt,  KC2H3O2.C2H4O2,  is  formed  by  evaporating  a 
solution  of  the  neutral  salt  in  excess  of  acetic  acid,  and  crystaUises 
by  slow  evaporation  in  long  flattened  prisms.  It  is  very  deli- 
quescent, and  decomposes  at  200°  giving  off  crystallisable  acetic 
acid. 

Sodium  Acetate,  NaC2H302-l-3  aq.— The  mode  of  preparation  of 
this  salt  on  the  large  scale  has  been  already  described :  it  forms 
large,  transparent,  colourless  crystals,  derived  from  a  rhombic  prism, 
which  are  easily  rendered  anhydrous  by  heat,  eflloresce  in  dry 
air,  and  dissolve  in  ,3  parts  of  cold,  and  in  an  equal  weight  of  hot 
water  ;  it  is  also  soluble  in  alcohol.  The  taste  of  this  salt  is  coobug 
^l^^^^saUne.    The  dry  salt  melts  at  288°  and  begins  to  decompose  at 

Ammonium  Acetates.— The  neutral  acetate,  NH4C2H3O2,  i.s  a 
white  odourless  salt,  obtained  by  saturating  glacial  acetic  acid  with 
dry  ammonia  gas.  It  is  very  difficult  to  obtain  in  the  crystalline 
form,  for  its  ac[ueou8  solution,  when  evaporated,  gives  oft'  am- 
monia, and  leaves  the  acid  salt.  When  distUled  with  phosj)horlc 
oxide,  it  loses  2  molecules  of  water,  and  gives  oft'  ethenyl  nitrile  or 
acetonitrde,  (C2H3)N  =  NH4C2H3O2  -  2H2O.  The  aqueous  solu- 
tion, known  in  the  Pharmacopa-ia  as  Spiritus  Mindereri,  is  prepared 
by  saturating  aqueous  acetic  acid  with  ammonia  or  ammonium' 
carbonate. 
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The  acid  salt,  NH4C2H3O2.C2HJO2,  is  obtained  as  a  crystalline 
sublimate  by  heating  powdered  sal-ammoniac  with  potassiimi  or 
calcinm  acetate,  ammonia  being  given  oif  at  the  same  time  ;  also  as 
a  radiated  crystalline  mass  by  evaporating  the  aqueous  solution  of 
the  neutral  salt. 

The  acetates  of  barium,  strontium,  and  calcium  are  very  soluble, 
and  can  be  procured  in  crystals  ;  magnesium  acetate  crystallises  with 
difficulty. 

Aluminium  Acetates. — The  neutral  salt,  Al2(C2H302)6  is  very 
soluble  in  water,  and  dries  up  in  the  vacuum  of  the  air-pump  to  a 
gummy  mass  without  trace  of  crystallisation.  If  foreign  salts  are 
present,  the  solution  of  the  acetate  becomes  turbid  on  heating,  from 
the  separation  of  a  basic  compound,  which  redissolves  as  the  liquid 
cools.  Aluminium  acetate  is  much  employed  in  calico  printing  : 
it  is  prepared  by  mixing  solutions  of  lead  acetate  and  alum,  and 
filtering  from  the  insoluble  lead  sulphate.  The  liquid  is  thickened 
with  gum  or  other  suitable  material,  and  vnth  it  the  design  is 
impressed  upon  the  cloth  by  a  wood-block,  or  by  other  means. 
Exposure  to  a  moderate  degree  of  heat  drives  off  the  acetic  acid, 
and  leaves  the  alumina  in  a  state  capable  of  entering  into  combina- 
tion with  the  dye-stuff. 

Some  very  interesting  researches  on  aluminiimi  acetate  have  been 
published  by  the  late  Mr  Walter  Crum.*  The  solution  obtained 
by  decomposing  aluminium  sulphate,  Al2(S04)3,  -with  lead  acetate, 
may  be  supposed  to  contain  neutral  aluminium  acetate,  (Al2)(C2H302)i5 
or  Al203.3C4H503.  This  salt  cannot,  however,  be  obtained  in  the 
dry  state.  If  the  solution  be  rapidly  evaporated  at  low  temperatures, 
by  being  spread  in  thin  layers  on  glass  or  porcelain,  a  basic  soluble 
acetate  is  obtained,  having  the  composition  Al203.2C4Hg03  4  aq. ; 
but  if  the  solution  be  left  to  stand  in  the  cold, "or  submitted  to  the 
action  of  heat,  insoluble  basic  salts  are  precipitated,  differing  in  com- 
position from  the  former  by  containing  in  the  fii'st  case  five,  and  in 
the  second,  two  molecules  of  water  instead  of  four. 

The  soluble  aluminium  acetate,  when  exposed  in  a  dilute  solution 
to  the  temperature  of  boiling  water  for  several  days,  undergoes  a 
very  remarkable  change,  the  whole,  or  nearly  the  whole,  of  the 
acetic  acid  being  expelled  by  the  action  of  heat,  and  a  peculiar 
soluble  modification  of  alumina  (already  described  under  Aluminium, 
(i.  391),  remaining  in  solution. 

Manganese  acetate  forms  colourless,  rhombic,  prismatic  crystals, 
permanent  in  the  air.  Ferrous  acetate  crystallises  in  small,  greenish- 
white  needles,  very  prone  to  oxidation ;  both  salts  dissolve  freely 
in  water.  Ferric  aceiate  is  a  dark  brownish  red,  uncry stall  isable 
Liquid,  of  powerful  astringent  taste.  Cobalt  acetate  forms  a  violet- 
coloured,  crystalline,  deliciuescent  mass.  The  nickel  salt  separates 
in  green  crystals,  which  dissolve  in  6  parts  of  water. 


*  Cliem.  Soc.  Quur.  Jour.  vi.  216. 
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-  Lead  Acetates.— The  normal  salt,  ^^(CgHgO.,).,  +  3aq.,  is  pre- 
paretl  on  a  large  scale  by  dissolving  litharge  in  acetic  acid  ;  'it  may 
be  obtained  in  colom-less,  transparent,  prismatic  crystals,  but  is 
generally  met  with  in  commerce  as  a  confusedly  crystalline  mass, 
somewhat  resembling  loaf-sugar.  From  this  circumstance  and  from 
its  sweet  taste,  it  is  often  called  sugar  of  lead.  The  crystals  are 
soluble  in  about  1|  parts  of  cold  water,  effloresce  in  di-y  air,  and 
melt  when  gently  heated  in  their  water  of  crystallisation ;  this  water 
is  easily  chiven  oif,  and  the  anhydi-ous  salt  obtained,  which  melts, 
and  afterwards  decomposes,  at  a  high  temperature.  Acetate  of  lead 
is  soluble  in  alcohol.  The  aqueous  solution  has  an  intensely  sweet, 
and  at  the  same  time,  astringent  taste,  and  is  not  precipitated  by 
ammonia.    It  is  an  article  of  great  value  to  the  chemist. 

Basic  Acetates  (Subacetates)  of  Lead. — A  sesquibasic  acetate, 
2Pb(C2H302)2.PbO,  is  produced  when  the  neutral  anhydi-ous  salt  is 
so  far  decomposed  by  heat  as  to  become  converted  into  a  porous 
wliite  mass,  decomposible  only  at  a  much  higher  temperature.  It  is 
soluble  in  water,  and  separates  from  the  solution  evaporated  to  a 
syrupy  consistence  in  the  form  of  crystalline  scales.  A  triplumbic 
acetate,  Pb(C2H302).2.2PbO,  is  obtained  by  digesting  at  a  moderate 
heat,  7  parts  of  finely  powdered  litharge,  6  parts  of  lead  acetate,  and 
30  parts  of  water ;  or,  by  nuxing  a  cold  saturated  solution  of  neutral 
lead_  acetate  with  a  fifth  of  its  volume  of  caustic  ammonia,  and 
leaving  the  whole  for  some  time  in  a  covered  vessel.  The  salt 
separates  in  minute  needles  containing  one  molecule  of  water.  The 
solution  of  Ijasic  acetate  prepared  by  the  first  method  is  known  in 
pharmacy  under  the  name  of  Goulard  ivater.  There  is  also  a  sex- 
plumbic  acetate,  Pb(C2H302)2.5PbO,  formed  by  adding  a  great  ex- 
cess of  ammonia  to  a  solution  of  normal  lead  acetate,  or  by  digesting 
the  normal  salt  with  a  large  quantity  of  oxide.  It  is  a  white, 
slightly  crystalline  substance,  insoluble  in  cold,  and  but  little 
soluble  in  boiling  water.  The  solutions  of  the  basic  lead  acetates 
have  a  strong  alkaline  reaction,  and  absorb  carbonic  acid  with  the 
greatest  avidity,  becoming  tm-bid  from  precipitation  of  basic 
carbonate. 

•  CuPRic  Acetates.— The  normal  acetate,  Cu(C'2H.,02)2  +  aq.,  is 
I>repared  by  dissolving  verd,igris  in  hot  acetic  acid,  and  leaving  the 
filtered  solution  to  cool.  It  forms  beautiful  dark  green  crystals, 
■which  tlissolve  in  14  i)arts  of  cold  and  5  parts  of  boiling  water,  and 
are  also  soluble  in  alcohol.  A  solution  of  this  salt,  mixed  -with 
sugar  and  heated,  yields  cupric  oxide  in  the  form  of  minute  red 
octohedral  crystals :  the  residual  copjjer  solution  is  not  preci])itate<l 
by  an  alkali.  (Jupric  acetate  yields,  by  destructive  distillation, 
strong  acetic  acid  containing  acetone  and  contaminated  with  copjier. 
The  salt  is  sometimes  called  distilled  verdigris,  and  is  used  as  a 
pigment. 
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Basic  Cupric  Acetates. — Common  verdigris,  made  by  expos- 
ing plates  of  copper  to  the  air  for  several  weeks,  in  contact  with 
acetic  acid  or  the  marc  of  grapes,  is  a  mixture  of  several  basic 
cupric  acetates  which  have  a  green  or  blue  colour.  One  of  these, 
2Cu(G2H302)2-CuO  +  6  aq.,  is  obtained  by  digesting  the  powdered 
verdigris  in  warm  water,  and  leaving  the  soluble  part  to  spontaneous 
eraporation.  It  forms  a  blue,  crystalline  mass,  but  little  soluble 
in  cold  water.  When  boiled,  it  deposits  a  brown  powder,  which  is 
a  subsalt  with  large  excess  of  base.  The  green  insoluble  residue  of 
the  verdigris  contains  Cu(C2H302)2.2CuO  +  3  aq. ;  it  may  be  formed 
by  digesting  normal  cupric  acetate  with  the  hydrated  oxide.  By 
boiling  with  water  it  is  resolved  into  normal  acetate  and  the  brown 
basic  salt. 

Silver  Acetate,  AgC2H302,  is  obtained  by  mixing  potassium 
acetate  with  silver  nitrate,  and  washing  the  precipitate  with  cold 
water  to  remov^e  the  potassium  nitrate.  It  crystallises  from  a  warm 
solution  in  small  colourless  needles,  which  have  but  little  solubility 
in  the  cold. 

Mercuroios  acetate  forms  small  scaly  crystals,  wMch  ai-e  as  feebly 
soluble  as  those  of  acetate  of  silver.  Mercuric  acetate  dissolves  vnth 
facility. 

Methyl  Acetate,  CH3.C2H3O2,  occurs  in  crude  wood-spirit.  It 
is  prepared  by  distilling  2  parts  of  methyl  alcohol  with  1  pai't  of 
glacial  acetic  acid  and  1  part  of  sulphuric  acid,  or  1  part  of  methyl 
alcohol  with  1  part  of  potassium  acetate  aud  2  parts  of  sulphuric 
acid.  When  purified  by  rectification  over  calcium  chloride  and 
quick-lime,  it  forms  a  colourless  fragrant  liquid,  of  sp.  gi\  0'9562 
at  0°,  boiling  at  55°  or  56°.  It  dissolves  in  water,  and  mixes  in  all 
proportions  with  alcohol  and  ether. 

Ethyl  Acetate,  C2H5.C2H3O2,  may  be  prepared  by  heating  to- 
gether in  a  retort,  3  parts  of  potassium  acetate,  3  parts  of  strong 
alcohol,  and  2  parts  of  oil  of  vitriol.  The  distilled  product  is  mixed 
with  water,  to  separate  the  alcohol,  digested  fii-st  with  a  little  chalk, 
and  afterwards  with  fused  calcium  chloride,  and,  lastly,  rectified. 
The  pure  ether  is  an  exceedingly  fragrant  limpid  liquid,  having  a 
density  of  0-9105  at  0°,  0-9068  at  15°,  and  boiliug  at  77°.  Alkalis 
decompose  it  in  the  manner  already  mentioned  (p.  273).  When 
treated  with  ammonia,  it  yields  acetamide,  NH2C2H3O. 

On  the  reaction  of  ethyl  acetate  and  homologous  ethers  with  sodium 
and  the  iodides  of  alconol-radicles,  see  p.  271 ;  also  Carboketonic 
Acids. 

Amyl  Acetate,  0^111^.0.211302,  prepared  in  a  similar  maimer  from 
ordinary  amyl  alcohol,  boUs  at  1 40°.  It  possesses  in  a  remarkable 
manner  the  odour  of  the  Jargonelle  pear,  and  is  manufactured  ou 
a  large  scale  for  flavouring  liquors  and  confectionery. 
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Ethene  Acetates. — These  componnds  may  be  derived  from 
ethene  alcohol  (glycol)  by  substitution  of  one  or  two  equivalents  of 

acetyl  for  hydrogen.    The  monacetate,  (C2H4)  |  qc  H  0'  1*^°' 

duced  by  heating  ethene  dibromide  with  an  alcoholic  solution  of 
potassium  acetate.  The  product  is  distilled,  the  j)ortioQ  coming  over 
at  182°  being  kept  separate.  It  is  a  colourless,  oily  liquid,  miscible 
in  every  proportion  with  water  or  alcohol.  Hydrochloric  acid  gas 
passed  into  ethene  monacetate  converts  it  into  ethene  acetochloride, 

f  CI 

or  glycolic  chloracetin,  CgH^  |  qq  -g-  q,  which  is  precipitated,  on 

addition  of  water,  as  an  oily  liquid  boiling  at  145°.  Treatment 
with  potash  decomposes  it  into  ethene  oxide,  potassiimi  acetate,  and 
potassium  chloride. 

f  OC  H  0 

Ethene  diacetate,  CgH^  |  OC"H^O '       prepared  by  digestuig  a 

mixture  of  ethene  dibromide,  silver  acetate,  and  glacial  acetic  acid 
in  the  water-bath,  and  exhausting  the  digested  mass  with  ether.  On 
distilling  the  ethereal  solution,  the  ether  first  passes  over,  then  the 
acetic  acid,  and  lastly,  when  the  temperatiu'e  has  reached  187°, 
ethene  diacetate.  It  is  a  colourless,  neutral  liquid,  of  sp.  gr.  1"128 
at  0°,  boiling  at  186°,  soluble  in  7  parts  of  water  and  in  every  pro- 
portion in  alcohol  and  ether.  By  distillation  with  potash  it  yields 
ethene  alcohol,  or  glycol,  €2114(110)2. 

Propentl  or  Glyceryl  Acetates  ;  Acetins. — These  ethers  are 
derived  from  propenyl  alcohol  (glycerin)  by  substitution  of  1,  2,  or 
3  equivalents  of  acetyl  for  hydrogen.  The  formula  of  glycerin  being 
(C3H5)(OH)3,  those  of  the  three  acetins  are : 

Monoacetin,  ....  (C3Hr,)(OH)2(OC2H,0) 
Diacetin,  ....  C3H5)(0H)(0C„H3b)2 
Triacetin,     ....  (C3H,)(OC2H30)3. 

They  are  oily  liquids,  produced  l)y  heating  glycerin  and  acetic  acid 
together,  in  various  proportions,  in  sealed  tubes. 

Acetic  Chlokide  or  Acetyl  Chloride,  CaHjOCl. — This 
compound,  which  has  the  constitution  of  acetic  acid  with  chlorine 
substituted  for  hydroxyl,  is  produced,  as  already  observed  (p.  273), 
by  the  action  of  phosphorus  trichloride,  pentacliloride,  or  oxychlo- 
ride  on  glacial  acetic  acid.  The  product  heated  with  water  and 
dilute  soda-solution,  to  remove  pho.sjiliorus  oxychloride  and  hydro- 
chloric acid,  and  then  rectified,  yields  acetic  chloride  iis  a  colourless 
liquid,  having  a  suffocating  odour,  and  emitting  dense  fumes  ot 
hyflrochloric  acid  in  contact  with  the  air.  It  has  a  density  of  1-13()5 
at  0°,  boils  at  55°,  and  is  decomposed  by  water  and  alkaline  solu- 
tions, yielding  hydrochloric  and  acetic  acids. 
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Acetic  Oxide  or  Anhydride,  C4He03  =  (0*21130)20,  some- 
times called  Anhydrous  Acetic  acid. — This  compound  is  obtained : 

1.  By  tlie  action  of  acetyl  chloride  on  potassium  or  sodium 
acetate : 

C2H30(ONa)  +  C2H3OCI  =  ^TaCl  +  (CgHsO),©. 

2.  By  heating  sodium  acetate  Avith  benzoyl  chloride,  C-H3OCI, 
whereby  benzo-acetic  oxide  (C2H30)(CyHr,0)0,  is  formed  iu  the 
first  instance,  and  subsequently  resolved  into  acetic  and  benzoic 
oxides,  the  former  distilling  over,  while  the  latter  remains  : 

CaHgOCONa)  +  C7H5OCI  =  NaCl  +  C2H3O.O.C7H5O 

and : 

2(C2H30.0.C,H60)    =    (C2H30)20    +    (CrB:fi),0 . 

Acetic  oxide  is  a  heavy  oil  which  boils  at  121°,  and  dissolves 
slowly  in  water,  being  gradually  converted  into  acetic  acid  : 

(C2H30)20  +  H2O  =  2C2H30(OH). 

Acetyl  Peroxide  (C2H30)202,  obtained  by  adding  barium  dioxide 
to  an  ethereal  solution  of  acetyl  monoxide,  is  a  viscid  liquid,  which 
explodes  with  violence  when  heated,  and  acts  as  a  powerful 
oxidising  agent. 

Acids  derived  from  Acetic  Acid  hy  Substitution. 

Chloracetic  Acids.— The  three  acids,  C2H3CIO,  C2H2CI2O2,  and 
C2HCI3O2,  are  produced  by  the  action  of  chlorine  on  acetic"  acid  in 
sunshine  ;  the  second,  however,  is  formed  in  small  quantity  only, 
the  first  or  the  third  Ijeing  produced  in  greatest  abundance  according 
as  the  acetic  acid  or  the  chlorine  is  in  excess. 

Monochloracetic  acid,  CHgCLCOOH,  is  produced,  according 
to  E.  Hofi'mann,  by  the  action  of  cMorine  on  boiLhig  glacial  acetic 
acid  in  sunshine.  Dr.  H.  Miiller  finds  that  the  formation  of  mono- 
chloracetic acid  is  facilitated  by  dissolving  a  little  iodine  in  the 
hydrated  acetic  acid,  and  passing  a  stream  of  chlorine  through  the 
lioiliug  solution.  On  submitting  the  products  of  this  reaction  to 
repeated  distillation,  monochloracetic  acid  is  obtained  as  a  liquid, 
boiling  at  186°,  and  solidifying  to  a  crystalline  mass,  which  melts 
at  62°  and  dissolves  easily  in  water."  Heated  Avith  potash,  it  is 
converted  into  potassium  glycoUate,  KC2H3O3  (p.  275)  : 

C2H3C10j  -f  2KH0  =  KCl  +  KC2H3O3  +  H2O . 

Dichloracetic  acic^,  CHCI2.COOH,  is  produced,  together  with 
the  preceding  compound,  by  the  action  of  chlorine  and  iodine  on 
boiling  acetic  acid,  and  is  found  in  the  portion  of  the  product  which 
boils  above  188°.  According  to  Maumenu,  it  may  be  obtained  by 
exposing  monochloracetic  acid  in  flasks  to  the  action  of  dry  chlorine 
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(5  atoms  of  chlorine  to  3  molecules  of  chloracetic  acicl)  for  twenty- 
ibm-  hours,_  warming  the  product  to  expel  hycbochloric  acid,  and 
then  distilling.  It  is  a  liquid  having  a  specific  gravity  of  1-5216 
at  15°,  and  boiling  at  190-191°.  According  to  Miiller,  it  remains 
liquid  when  cooled  ;  but  according  to  Maumene,  it  crystallises  in 
rhombohedral  plates.  It  forms  a  soluble  silver  salt,  AgC^RGl^O^, 
which  is  decomposed  when  its  solution  is  heated  with  silver  oxide  to 
■75°  or  80°,  giving  off  a  mixture  of  carbon  monoxide  and  dioxide  : 

aAgC^HClaOa  +  3Agfi  =  2C0  +  aCOg  +  4AgCl  +  SAg^  +  H^O . 

Trichloracetic  acid,  CCI3.COOH.  —  Discovered  by  Dumas. 
When  a  smaU  quantity  of  crystaUisable  acetic  acid  is  introduced 
into  a  bottle  of  dry  chlorine  gas,  and  the  whole  exposed  to  the 
direct  solar  rays  for  several  hours,  the  interior  of  the  vessel  is  found 
coated  with  a  white  crystalline  substance,  which  is  a  mixtm-e  of  tri- 
chloracetic acid  with  a  small  quantity  of  oxaUc  acid. 

Trichloracetic  acid  may  also  be  produced  synthetically,  viz.,  by 
the  action  of  chlorine  and  water  on  carbon  dichloride,  C^Cl^,  this 
compound  first  taking  up  2  atoms  of  chlorine  and  forming  carbon 
trichloride,  C^CL,  and  the  latter  being  converted  by  the  water  into 
hydrochloric  and  trichloracetic  acids : 

aCle  +  2H2O  =  3HC1  +  C2HCI3O2. 

Trichloracetic  acid  is  a  colourless  and  extremely  deliquescent  sub- 
stance :  it  has  a  faint  odour,  and  sharp  caustic  taste,  bleaching  the 
tongue  and  destroying  the  skin ;  the  solution  is  powerfully  acid. 
It  melts  at  52°,  and  boils  without  decomposition  at  195-200°,  gi\ano- 
off  a  very  irritating  vapour.  The  density  of  the  fused  acid  is 
1-617. 

_  Potassium  trichloracetate,  2KC2Cl302.aq.,  crystallises  in  fibrous 
silky  needles,  permanent  in  the  air.  The  ammonium-salt, 
2(NH,,)C.,Cl30-(-5aq.,  is  also  cry stalb sable  and  neutral.  The  silver- 
salt,  AgCjClgOg,  is  soluble,  and  crystallises  in  small,  greyish  scales, 
easily  altered  by  light.  ' 

Trichloracetic  acid  boiled  with  excess  of  ammonia  yields  ammo- 
nram  carbonate  and  chloroform  : 

■      C2HCI3O2  +  2NH3  +  H2O  =  (NH,)2C03  +  CHCI3. 

With  caustic  potash,  it  yields  a  smaller  quantity  of  chloroform, 
together  with  potassium  chloride,  carbonate,  and  formate.  The 
chloride  and  formate  are  secondary  products  of  the  reaction  of  the 
alkali  upon  the  chloroform. 

Nascent  hydrogen  reduces  trichloracetic  to  acetic  acid.  AVheu 
potassium  or  sodium  amalgam  is  put  into  a  strong  ar(U('ous  solution 
of  trichloracetic  acid,  the  temperature  of  the  liquid  rises,  without 
uisengagement  of  gas,  and  the  solution  is  found  to  contain  acetate 
and  chloride  of  potassium  or  sodium,  together  with  caustic  alkali. 


288 


Patty  acids. 


Bromacetic  Acids. — The  mono-  and  cZi-brominated  acids  are 
formed  by  heating  acetic  acid  or  ethyl  acetate  with  bromine  in 
sealed  tubes  to  180°.  CHjBr.COjH  crystallises  in  deliquescent  rhom- 
bohedrons,  and  boils  at  208°.  Its  ethylic  ether  is  a  liquid  boiling  at 
159°.  The  acid  is  converted  by  ammonia  into  glycerin  (p.  275). 
C2HBr2.C02H  is  a  crystalline  mass  melting  at  45  -50°,  and  boiling 
at  232°-234°.  Heated  with  moist  silver  oxide  it  yields  bromo 
gly collie  acid,  CaHgBrOg.  Its  ethylic  ether  boils  at  192°-195°. 
Tribromacetic  Acid,  C2Br3.C02H  is  produced  by  the  action  of  water 
on  tribromacetyl  bromide,  CBrg.COGl,  and  by  oxidation  of  bromal, 
CBrj.COH,  with  nitric  acid.  It  forms  deliquescent  crystals,  melts  at 
130°  and  boils  at  245°. 

lodacetic  Acids,  mono-  and  di-,  are  obtained  by  heating  the  chlor- 
inated or  brominated  acids  with  potassiiini  iodide  ;  also  by  heat- 
ing acetic  anhydride  with  iodine  and  iodic  acid.  CgHgl.COgH 
crystallises  in  colourless  laminae,  melting,  with  partial  decomposi- 
tion at  82°  ;  reconverted  into  acetic  acid  by  boiling  with  HI.  Its 
ethylic  ether  boils  at  178°-180°. 

Cyanacetic  Acid,  C3H3NO2  =  CH.,(CN).C02H,  formed  by 
heating  monochloracetic  acid  vnth  potassium  cyanide  and  water, 
is  a  crystalline  mass  melting  at  about  80°,  and  decomposed  at  165° 
into  CO  and  acetonitril,  CH3.CN. 

TMacetic  Acid,  CgH^OS,  or  CH3.COSH.— This  acid,  discovered 
by  Kekule,  is  formed  by  the  action  of  phosiDhorus  pentasulphide 
on  glacial  acetic  acid : 

5C2H30(OH)  -t-  P2S5  =  P2O5  =  5C2H30(SH). 

Thiacetic  acid  is  a  colourless  liquid,  boiling  at  93° ;  it  smells  like 
acetic  acid  and  hycb'Ogen  sulphide.  With  solution  of  lead  acetate, 
it  forms  a  crystalline  precipitate  containing  (C2H30S)2Pb. 


Propionic  Acid,  C3H6O2  =  C3H50(OH)=C2H,.CO.OH.— This 

acid  is  produced :  1.  As  a  potassium-salt,  by  the  combination  of  carbon 
dioxide  with  potassium-ethyl:  C02-hC2H-K  =  CO(C2H5)OK.  2.  By 
the  action  of  acids  or  alkalis  on  ethyl  cyanide  (p.  270).  3.  By  the 
simultaneous  action  of  water  and  cai'bonyl  chloride  on  ethane 
(p.  270).  4.  By  the  oxidation  of  normal  propyl  alcohol  (p.  143), 
and  of  propionic  aldehyde,  CgHgO.  5.  Together  Math  acetic  acid,  by 
oxidising  propione,  C^HjoO,  with  dilute  chromic  acid.  This  is  the 
process  "by  which  it  was  fii-st  obtained.  6.  From  lactic  acid  and 
from  glvceric  acid  by  the  action  of  hydriodic  acid : 

C3HCO3    +    2HI    =    C3H0O2    +    H2O    +  I2. 

Lactic  acid. 

C3H0O,    +    4HI    =    OsH^O.    +    2H2O    +  2I2. 
Glyceric  ucid. 
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7.  Together  wil,h  several  other  products,  iu  the  fermeutatiou  of 
glycerin,  and  likewise  of  sugar,  by  the  action  of  putrid  cheese  in 
presence  ol  calcium  carbonate. 

Propionic  acid  is  usually  prepared  by  the  second  of  the  above- 
mentioned  processes.  Ethyl  cyanide  is  added  by  drops  to  a 
moderately  strong  solution  of  potash  heated  in  a  tubulated  retort 
the  distillate  being  repeatedly  poured  back  as  long  as  it  smells  o' 
ethyl  cyamde.  The  residue  in  the  retort,  consisting  of  potassium 
propionate,  is  then  evaporated  down  to  dryness,  and  distilled  with 
syrupy  phosphoric  acid. 

Propionic  acid  is  a  colomiess  liquid,  having  a  specific  gravity  of 
0-992  at  18°,  and  boiling  at  140°.  It  is  soluble  iu  water,  and  when 
the  water  is  quite  saturated  with  it,  the  excess  of  acid  floats  on  the 
surlace  m  the  form  of  an  oil. 

/T-'^J  n  soluble  in  water.     The   barium  salt, 

^LgMjajoBa  +  HjO,  crystallises  in  rhombic  prisms,  and  yields  pro- 
pione  by  dry  distillation.  The  silver  salt,  CgHjO.Ag,  crystaUises  in 
slender  needles.  ^  o  ^  j 

Substitution-products.— ThQ  replacement  of  one  hydrogen-atom  iu 
propionic  acid  by  a  haloid  element,  X,  yields  two  series  of  sub- 
stitution-products distinguished  as  «  and  /3;  viz: 

CH3-CHX-CO2H  CH^X-CH^-CO^H 

li. 

Ghloropropionic  acids,  C3H5CIO2.— The  a-acid  is  formed  by 
■decomposing  lactyl  chloride  with  water: 

CH3-CHCI-CO2CI  -1-  H,0  -  HCl  +  CH3-CHCI-CO2H. 
It  is  a  thick  liquid  of  specific  gravity  1-28,  and  boiling  at  186°. 
"'.T'^,..^'^*^'^^  ^^"^'1  silver  oxide,  it  is  converted  into  ^-lactic 

acid,  CF^-CHOH-CO^H.    Its  ethylic  ether,  obtained  by  heating: 
lactyl  chloride  with  alcohol,  boils  at  144°. 

The  /3-acid  is  produced  by  the  action  of  chlorine-water  on  /3-iodo- 
propionic  acid,  and  by  addition  of  hydrogen  chloride  to  acrylic  acid, 

CH3=CH-0O2H  +  CIH  =  CH2C1-CH,-C0,H. 

Itia  crystalline,  and  melts  at  40'5°,  Its  ethylic  ether  boils  at  about  155°' 

Bromoprnpionic  acids,  CgHflBrO^.— The  «-acid  is- obtained  by 
tiie  action  of  bromine  on  propionic  acid,  and  by  heating  a-lactio 
acifl  (ordinary  lactic  acid)  with  hydroliromic  acid,  is  a  liquid  whicli 
aolidihes  at  -17°,  and  boils  at  202°.  Its  ethylic  ether  smells  like 
camphor,  and  boils  at  190°.  Alcoholic  ammonia  converts  it  into 
«-araidopropionic  acid  or  alanine,  CJ%(N  11.^)0.^  (see  Amides). 
ine  /3-acid,  formed  by  the  action  of  bromine-water  on  ,3-iodopro- 
pionic  acid,  and  by  addition  of  hydrobromic  acid  to  acrylic  acid,  is 
crystalline,  and  melts  at  61-5°. 

FOWNES.— VOL.  II.  I 


290 


FATTY  GEOUP:  MONATOMIC  ACIDS,  C^'Ein^v 


■  tt-Iodopropio7iic  acid,  C3H5IO2,  is  a  thick  oil,  ohtamed  by 
the  action  of  phosphorus  iodide  on  a-lactic  acid. 

The  /3-acid  is  obtained  by  the  action  of  phosphorus  iodide  and 
a  small  quantity  of  water  on  glyceric  acid : 

CH2OH.CHOH.CO2H  +  SHI  =  CH2I.CH2.CO2H  +  2H2O  +  I2; 

also  by  addition  of  hydriodic  acid  to  acrylic  acid.  It  crystallises  in 
large  colourless  six-sided  i^lates,  having  a  peculiar  odour,  and  melt- 
ing at  82° :  easily  soluble  in  hot  water.  By  heating  wath  strong 
hydriodic  acid,  it  is  reduced  to  propionic  acid. 

The  di-stibstitution  products  of  propionic  acid  admit  of  three 
modifications,  viz. : 

CHa-CX^-CO^H    CH^X-CHX-CO^H  CHX^-CH^-COoH 

/3.  y- 
The  fii-st  two  modifications  of  the  chloriae  and  bromine  derivatives 
are  known. 

a-Dihromopropionic  acid,  CH3— CBra— CO2H,  obtained  by  direct 
bromination  of  propionic  or  us-bromopropionic  acid,  melts  at  61  ,  and 
boils  at  220°.    Its  ethyHc  ether  boUs  at  190°. 

^Dihromopropionic  acid,  CH,Br— CHBr— CO2H,  obtamed  by 
oxidation  of  dibromopropyl  alcohol,  CaHgBrp  (formed  by  addition 
of  bromine  to  allyl  alcohol),  and  by  addition  of  Brj  to  acrylic  acid, 
CHolnCH— CO2H,  forms  crystals  easily  soluble  in  water,  melting 
at  65°,  decomposed  by  distillation.    The  ethylic  ether  boils  at  212°. 

»-Dichloropropionic  acid,  CH3— CCI2— COgH.  The  ethylic  ether 
of  this  acid  is  formed  by  the  action  of  alcohol  on  the  chloride, 
CH,— CO— COCl,  produced  by  the  action  of  phosphorus  penta- 
chloride  on  pvroracemic  acid,  CH3— CO— COOH.  It  is  a  colourless 
liquid,  haviQg  a  pleasant  odour  of  apples,  a  specific  gravity  of  1-2493 
at  0°,  and  boilmg  at  160°.  Heated  with  water  to  150°,  it  is  converted 
into  pyroracemic  acid. 

fi-Dichloropropionic  acid,  CH^Cl— CHCl— CO2H,  is  formed  by  the 
action  of  water  on  the  chloride  obtained  by  heating  glyceric  acid 
with  phosphorus  pentachloride. 

Butyric  acid,  C,H802=C3H7.C02H.— Of  this  acid  there  are 
two  modifications,  viz. : 

CH2CH2CH3  CH(CH3)2 

(JOOH  COOH 

Normal  butyric.  Isobutj-rtc. 

Normal  Butyric  acid,  also  called  Fennentation  Butyric,  Pro- 
pyl-fonnic,  and  Ethyl-acetic  acid,  occurs,  either  free  or  combined 
with  bases,  in  tamarinds  and  a  few  other  plants,  in  certain  beetles, 
in  flesh-jmce,  in  human  perspiration,  and  in  various  kinds  ol 
decomposing  vegetable  and  animal  matter.    As  a  glyceride,  it 
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especially  in  the  loutter 
ot  cows  and  goats'  milk ;  as  a  hexyl  ether  ia  the  oil  of  Heracleum 
gicjanteum,  and  as  an  octyl  ether  in  oil  of  parsnep  (Pastmaca  sativa) 
it  IS  formed  by  the  oxidation  of  normal  butyl  alcohol;  by  the  action 
of  nascent  hydrogen  on  crotonic  acid,  CHg— CH— CH— CO  H  •  by 
heatmg  normal  propyl  cyanide  (butyronitril)  with  alkalis  or  acids  • 
by  the  action  of  sodium  and  ethyl  iodide  on  ethyl  acetate  (p  271)  •' 
and  by  the  fermentation  of  sugar  in  contact  with  putrid  cheese.  ' 

This  last  reaction  affords  the  most  convenient  method  of  preparing 
the  acid.  The  fermentation  takes  place,  however,  only  in  neuti-al 
hqmds  so  that  it  is  necessary  to  add  chalk,  in  order  to  neutralise 
the  acid  as  fast  as  it  is  formed.  The  sugar  is  first  converted  into 
lactic  and  afterwards  into  butyric  acid.  The  following  proportions 
give  a  good  result :— 6  pounds  of  cane-sugar  and  half  an  ounce  of 
tartaric  acid  are  dissolved  in  26  pounds  of  boiUng  water,  and  the 
solution  IS  left  for  some  time  to  allow  the  cane-sugar  to  pass  into 
grape-sugar.  To  this  solution  about  4  ounces  of  decayed  cheese 
dmiised  m  8  pounds  of  sour  skim-milk,  together  with  3  poimds  of 
chalk,  are  added,  and  the  whole  is  kept  for  some  weeks  at  a  tem- 
perature of  30°-35°.  The  mixture  is  frequently  stirred,  and  gener- 
ally sohdafies  in  ten  or  twelve  days  to  a  thick  mass  of  calcium 
lactate.  This,  however,  soon  disappears,  the  mixture  becoming 
iiqmcl,  and  the  lactate  bemg  converted  into  butyrate,  with  simul- 
taneous evolution  of  carbon  dioxide  and  hydroo-eu  : 

2C3He03  =  C,H,02  +  2CO2  + 
When  fennentation  is  completed,  a  solution  of  8  pounds  of  crystal- 
lised sodium  carbonate  is  added,  and  the  filtered  liquid,  after  con- 
centration, IS  decomposed  by  sulphuric  acid.  Butyric  acid  then 
separates  as  an  oily  layer,  which  is  dried  over  calcium  chloride  and 
rectined. 

Butyric  acid  is  a  viscid  liquid  having  a  rancid  odour,  solidifying 
at  -12°,  and  boiling  at  163°.  Specific  gravity  0-958  at  14"  It 
dissolves  easily  in  water  and  in  alcohol,  and  separates  from  the 
aqueous  solution  on  addition  of  salts. 

n^^^ii^^l:'^^^*^  butyrates  are  for  the  most  part  soluble  in  water  and 
crystallisable.  The  calcium  salt,  (C4Hy02)Ca-)-H,0,  forms  shining 
n  H^r^'A*'"    ^'^  '^"'^^  ^''^  '^"^^^  "'''"'^  ^™  ^>'0i  The  silver  salt, 

water  at  fl"'''''^"''*''^  shining  laminaj,  soluble  in  400  parts  of 

/^thyl  Butyrate,  C^H^Oj.CgHg,  is  a  liquid  having  a  pleasant  fruity 
odour,  and  boiling  at  119°. 

The  butyrates  unite  with  acetates,  forming  doulde  salts,  which 
react  like  salts  of  butyracetic  acid,  Gfi^O.^.O^llfio,  isomeric  with 
propionic  acid.  This  acid,  obtained  in  the  free  state" by  the  fermen- 
tation ot  calcium  tartrate,  diffc^rs  from  propionic  acid  in  beijig  resolved 
Dy  distillation  into  butyric  and  acetic  acids. 

A  monochlorobutyric  acwZjC^HyClOa,  crystallising  ™  slender  needles 
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and  melting  at  99°,  is  formed  by  the  action  of  clilorine  on  butyric-^ 
acid  in  presence  of  iodine. 

Out  of  five  possible  monobromdbutyric  acids,  two,  viz., 


are  formed  by  the  addition  of  HBr  to  crotonic  acid.  The  action  of 
bromine  on  butyric  acid  yields  chiefly  the  ot-acid,  the  ethylic  ether 
of  which  boils  at  170°-172°.  The  two  acids  tire  converted  by 
boiling  with  potash-solution  or  moist  silver  oxide  into  the  cor- 
responding oxybutyric  acids,  C^HgOg. 

A  dibromobutyric  acid,  C4HgBr202,  melting  at  45°-48°,  is  formed 
by  further  bromination  of  butyric  acid. 

Isobutyric  Acid,  HC(CH3)2 — CO2H,  also  called  Isopropijl-formic 
and  Dimethyl-acetic  acid,  occurs  in  the  free  state  in  St.  John's 
bread,  the  fruit  of  Geratonia  siliqua,  and  as  an  octylic  ether  in 
parsnep  oil.  It  is  produced  by  oxidation  of  isobutyl  alcohol,  by  the 
action  of  alkalis  or  acids  on  pseudopropyl  cyanide  ;  and  by  the  action 
of  sodium  and  methyl  iodide  on  ethyl  acetate  (p.  271). 

This  acid  is  very  much  like  normal  butyric  acid,  hwt  has  a  less 
disagreeable  odour,  and  is  not  miscible  with  water.  It  has  a  specific 
gravity  of  0'960  at  0°,  and  boils  at  154°.  Its  calcium  salt, 
(C4H702)2Ca  +  5H20,  crystallises  m  monoclinic  prisms,  mwc/i.  more 
soluble  in  hot  ivater  than  in  cold.  The  silver  salt  dissolves  in  110 
parts  of  water  at  16°.  The  ethylic  ether,  C4Hj.O2.C2H5,  has  a  specific 
gravity  of  0-8893  at  0°,  and  boils  at  110°. 

Bromisobutyric  acid,  (CH3)2CBr.C02H,  formed  by  heating  iso- 
butyric acid  with  bromine  to  140°,  forms  crystals  melting  at  45°,  and 
is  partly  decomposed  by  boiling.  Its  ethylic  ether  has  a  specific 
gravity  of  1-328  at  O"",  and  boils  at  158°-159°.  By  beatrag  with, 
moist  silver-oxide  or  baryta-water,  this  acid  is  converted  into  the 
corresponding  oxyisobutyric  acid. 


Pentoic  or  Valeric  Acids,  C5Hjo02=Ci;H„0(OH).— 
These  acids  admit  of  four  metameric  modifications,  namely, 

CH2CH2CH2CH3    CH2CH(CH3)2    CH(CH3)(C2H5)  C(CH3)3 


The  first  and  second  are  obtained  bj'^  oxidation  of  normal  pentyliff' 
and  isopentylic  or  amy  lie  alcohol  (p.  i48)  resjjectively ;  the  thiril  is 
not  known  ;  the  fom-th  is  produced  from  tertiary  butylic  alcohol  or 
trimethyl-carbinol. 

Propyl-acetic  or  Normal  Valeric  Acid,  C4H9.COOH,  is  an 
oilv  liquid,  smelling  like  butyric  acid,  having  a  sp.  gr.  of  0'9577' 
at  0°,  and  boiling  at  185°. 


CH3— CH2— CHBr— CO2H 


CH3— CHBr— CH2— CO2H 
/3, 
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Isopentoic,  Isopropyl-acetic  or  Isovaleric  Acid  forrli 
naiy  valeric  acid),  occm-s  m  valerian  root,  iu  angelica  roo^  fr,' 
tJie  bernes  oi  the  guelder  ro8e  (Viburnum  Opulus),  aiid  proLably  S 
-many  other  plants.  It  is  produced  by  the"^ oxidation  if  ordinaJ? 
amyl  alcohol,  either  by  absorption  of  atmospheric  oxygen  unc  er  Jhe 
influence  ol  platinum  black,  or  by  treatment  with  aqueous  cSondc 
a.Kl,  or  by  heating  it  with  a  mixture  of  caustic  potLh  and 

ii  hyioyrr  ' ^^^^  ""^^^^^^  ^^^^  ^^^i^^tLii 

C.Hj^O  +  KOH  =  C.HaO^K  +  2H2. 
The  potassium  salt,  distilled  with  sulphuric  acid,  yields  the  acid 

Ihe  most  advantageous  mode  of  preparing  isovaleric  acid,  is  to 
oxidise  amyl  a  cohol  with  a  mixture  of  sulphmic  acid  and  potassium 
«  "  "^T"'  f       dichromate  A  powder,  6  part^of  oU  S 
%itnol,  and  8  parts  of  water  are  mixed  in  a  capacious  retort  wl 
1  part  of  amy!  alcohol  is  added  by  smaU  porL^s  wi  h  sVon^ 
agi  ation,  the  retort  being  plunged  into  cold  water  to'moderate  the 
violence  of  the  reaction.    Wlien  the  change  appears  complete  he 
deep-green  bquid  IS  distilled  nearly  to  drj^iess  the  product  mixed 
with  excess  ol  caustic  potash,  and  the  aciueons  solution  sepSSed 
mechanically  from  a  pungent,  colourless;  oily  liquid  whicE  floats 
uponit  consisting  of  amy?  valerate.    The  alkdine  soCtron  ^^^^^^ 
•evaporated  to  a  small  bulk,  and  decomposed  by  dilute  sulphurk 
acid  in  excess.    The  greater  part  of  the  Valeric  acid  then  s  parates 
as  an        l^q^d  hghter  than  water  :  this  is  a  hycU-ate  consis?Lg  of 
^5^io^2-.ii2^-    When  distilled  alone,  it  undergoes  decomposition  • 

act  rb  H  O        tb^  fi^^Z-^PP^'™'  and  eventually^the  pJie 

acid,  L,H  O2  m  the  form  of  a  thin,  mobile,  colouriess  oH,  ha  vino- 
■the  persistent  and  characteristic  odour  of  valerian  root    It  has  a 
sharp  and  acid  taste,  reddens  litmus  strongly,  bleaches  the  ton^  e 
end  burns  when  inflamed  with  a  bright,  yet  smoky  light.  Isovaleric' 
acid  has  a  density  of  0-9.47  at  0°  and  boils  at  175°.    Plaled  iS 

2::^::^ZoS^'''''  ^  -^-'^^  ^« 

^J^t^^'^'T"  ""^^/^  °^  in^iziiY^  to  polarised  light,  accordingly 

xvV,;  ^  1  prepared  from  active  or  inactive  amyl  alcohol.  That 

Which  has  been  prepared  from  the  active  alcohol  produces  a  right- 
i^anded  rotation  of  43°  m  a  tube  50  centimeters  long.  The  differ- 
ence between  these  two  acids,  like  that  of  the  alcohols  from  which 
iney  are  derived,  is  probal^ly  due  to  difference  rather  of  molecular 
man  ot  atomic  an-angement  (p.  ,38). 

The  metallic  iso valerates  are  greasy  to  the  touch  and  mostly 
crystallise^ with  difficulty.    Small  fragments  of  them  thro^v^^  oii 

?0  M 'n'"?*D*'^  T?  ^^'^  ^"'^'^^^  '"^^  tliey  dissolve.  The  barium  salt 
jUaUgUjjj^Ba-f-HaO  usually  crystallises  in  thin  lamina;,  soluble  in 
two  parts  of  cold,  and  in  a  smaller  quantity  of  warm  water.  The 
m.nc  salt  (C5H(,02)2Zn  forms  shining  scales.  The  silver  salt  CJIoOoAo- 
lorms  scales  soluble  in  540  parts  of  water  at  20°.    A  solution  of 
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potassium  valerate,  subjected  to  electrolysis,  yields  dibutyl,  CgHig 

^^''mhyiisovalerate,  CsHgO^.CjHj,  is  obtained  by  passing  bydrochloric 
acid  gas  into  an  alcbbhoUc  solution  of  valeric  acid.  Aininonia  con- 
verts it  into  valeramide,  CgHgONH,.  It  is  decomposed  by  sodium 
in  tlie  same  manner  as  ethyl  acetate  (i).  271),  yielding  sodium 
ethylate  and  the  sodium  salt  of  an  acid,  CigHjgOg  : 

4Na  +  3{G,-B.,.C,-R,0,)  =  SC^H^ONa  +  CigH^^OjNa. 
Chlorovaleric  Acids.— Trichlorisovaleric  acid,  CgHjClgOs,  ob- 
tained by  the  prolonged  action  of  chlorine  on  isovaleric  acid  m  the 
dark,  aided  towards  the  end  of  the  process  by  a  gentle  heat,  is  an 
oily  liquid,  becoming  very  viscid  at  18°,  perfectly  mobile  at  30  .  in 
contact  with  water  it  forms  a  very  viscid  hydrate,  which  sinks  to  tne 
lx)ttom.    It  dissolves  in  aqueous  alkalis,  and  is  precipitated  by  acids 

in  its  original  state.  ^  e 

TetracMorisovaleric  acid,  CgHeCl^Og,  is  the  ultimate  product  of  the 
action  of  chlorine  on  the  preceding  compound,  aided  by  exposure  to 
the  sun.  It  is  a  semifluid,  colourless  oil,  destitute  of  odour,  ot  power- 
ful pungent  taste,  and  heavier  than  water.  It  can  neither  be  solidi- 
fied by  cold,  nor  distilled  without  decomposition.  In  contact  with 
water,  it  forms  a  hydrate  containing  C5H6Cli02.H20,  which  is 
slightly  soluble  in  water,  easily  soluble  in  alcohol  and  ether. 

Neopentoic  or  Trimethyl-acetic  Acid,  (CH3)3C.COOH,  is  ob- 
tained from  tertiary  butyl  iodide,  (CH3)3CI,  by  converting  this  ether 
into  the  cyanide,  and  distilling  the  latter  with  potash  ;  also  by 
oxidation  of  pinacolin,  CH3— CO— C(CH3)3.  It  is  a  lamina,r  crys- 
talline mass,  melting  at  34°-35°,  and  boiling  at  161°.  It  smells  like 
acetic  acid,  and  dissolves  in  40  parts  of  water  at  20°. 

The  barium  salt,  (C5H90,)2Ba-h5H20,  and  the  calcium  salt, 
Ca(C5HgO.,)2  +  4H2O,  crystallise  in  needles  or  prisms. 

The  silver  salt,  C5H902Ag,  is  obtained  by  precipitation  in  glitter- 
ing spangles.  The  ethijlic  ether,  Cr.HgOg.CgHg,  has  a  specific  gravity 
of  0-8772  at  0°,  and  boils  at  118-5° 

Hexoic  or  Caproic  acids,  C5Hi202  =  C5Hii.C02H.  There 
are  eight  possible  forms  of  these  acids,  analogous  to  the  eight  pentyl 
alcohols,  and  five  of  them  are  known,  viz.  : 

1,  Normal  Caproic  or  Pentyl-formic  Acid,  CH3(CH2)4.C02H. 
—This  acid  is  formed  synthetically  by  heating  normal  pentyl  cyanide, 
CH  (CH,)4.CN,  with  strong  potash-solution.  It  is  also  produced, 
tot^ether  with  other  acids  of  the  fatty  series,  by  the  oxidation  of 
albuminous  substances,  and  of  fatty  acids  of  higher  atomic  weight. 
It  occurs  in  the  free  state  in  perspiration,  as  an  octyuc  ether, 
CHOC  Hif  in  the  volatile  oil  of  cow-parsnep  (p.  157),  as  a 
crfycericfe  in  the  butter  of  cows'  milk,  and  abundantly  in  cocoa-nut 
mi.  From  this  oil  it  may  be  prepared  by  saponifying  with  strong 
soda-ley,  and  distilUng  the  soap  vnth  dilute  sulphuric  acid,  ine 
distiUate  contains  caproic  and  caprylic  acids,  and,  when  neutraiisea 


HEXOIO  AED  HEPTOIC  ACIDS.  295 

with  barji;a  aud  evaporated,  yields  crystals  of  barium  caprylate 
aud  afterwards  verucose  crystals  of  the  caproate,  which,  when 
decomposed  by  sulphuric  acid,  yield  caproic  acid. 

Normal  caproic  acid  is  a  clear  mobile  oil,  having  a  some- 
what sudorific  and  pungent  odour,  a  specific  gravity  of  0-945 
at  0',  0-895  at  99°,  and  boiling  at  205°.  The  barium  salt, 
(GeEiiOo).Jia  +  3B.20,  dissolves  in  6-7  parts  of  water  at  23°.  The 
etlujlic  ether,  CgHii.OaCjHs.,  has  a  fruity  smell,  and  boils  at  167° 

Isocaproic  orlsopentyl-formicacid,  CH(CH3)2.CH,.CH2.CO„H, 
prepared  from  isopentyl  (amyl)  cyanide,  has  a  specific  gravity 
of  0-931  at  0°,  and  boils  at  199°-200°.  Its  odour  resembles  that  ot 
the  normal  acid,  but  is  stronger  and  more  disagreeable.  The  calcium 
salt,  (CgHjjO,)2Ca  +  3H,0,  dissolves  in  9  jaarts  of  water  at  18°.  The 
ethylic  ether,  CgHiiOa.CaHg,  has  a  specific  gravity  of  0-887  at  0°,  and 
boils  at  160-4°. 

3.  Methylisopropyl-acetic  acid,  (^jj^Qg-^3>CH.C02H,  pre- 
pared from  the  iodide  of  methyl-isopropyl  carbinol(amylene  hydrate, 
p.  151),  through  the  medium  of  the  cyanide,  is  an  oil  ha-ving  a  fruity 
smell.  Its  calcium  salt  crystallises  in  scales,  and  is  more  soluble  in 
cold  than  in  hot  water. 


4.  Diethyl-acetic  acid,  §2g5^CH.C02H,  prepared  by  the 
action  of  sodium  and  ethyl  iodide  on  methyl  acetate  (p  271)  is  an 
ml,  .sparmgly  soluble  in  water.  Its  silver  salt,  CeHi.02Ag,  crystallises 
in  shmmg  needles.    The  ethylic  ether,  GgR,^0^.G2U„  boils  at  151°. 

5.  Dimethyl-ethyl-acetic  acid,  ^^^'^^  j  CCOgH,  formed  from 
tertiary  butyl  iodide,  (CH3)2(C2H5)CI,  through  the  medium  of  the 
cyanide,  is  a  liquid  which  boils  at  187°,  and  solidifies  in  the  crystal- 
me  form  at  14  .    Its  barium  salt,  (C„HiiO,)2Ba  +  5H20,  crystallises 

in  large  laminae.  «   ^  -/^  j  >  j 

Heptoic  Acids,  C.HiA  -  C„Hj3.C02H.  Of  the  17  possible 
mocUtications  of  these  acids,  one  only  is  accurately  known,  viz. : 
^l^mal  Heptoic  or  CEnanthylic  acid,  CH3(CH,),.C0oH, 
Which  IS  formed  by  the  action  of  boiling  potash  on  normal  hexyl 
cyanifle,  LH..j{CH^\^.C't^,  by  the  oxidation  of  normal  heptyl  alcohol, 
ana  from  a;nanthol  or  heptoic  aldehyde,  C;H„0,  (p.  254),  by  oxida- 
tion m  the  air,  or  with  nitric  acid,  or  with  chromic  acid  ;  also  by 
axidation  of  castor-oil  with  nitric  acid. 

CEnanthylic  acid  is  a  transparent  colourless  oil,  having  an  im- 
pieasant  odour  like  that  of  codfish.  It  boils  at  223°.  It  is  insoluble 
in  water,  but  soluble  in  alcohol  and  ether.  When  heated  with 
oaryta,  it  gives  off  hexane,  GJti,,,  tlie  baryta  abstracting  carbon 
dicxide:  C^HuO^^GO^  +  G.R,,.  The  potassium-salt  subjected  to 
etectroly.sis,  yields  dihexyl,  C,2H2«.  The  calcium  salt,  (C7H,302)2,Ca 
T-njU,  crystallises  in  flattened  needles,  soluble  in  100  parts  of 
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water  at  8°.    The  ethjUc  ether,  C7H13O2.C2H5,  has  a  fruity  odour, 
a  specific  gravity  of  0-873  at  16°,  and  boils  at  188°. 

Another  heptoic  acid  has  been  obtained  by  the  action  of  amy! 
iodide  on  ethylic  sodacetate,  CHgNa.COgCgHg. 

Caprylic  Acid,  CoHieOa  =  CjHj-.COsH,  occurs  as  aglyceride  in 
the  butter  of  cows'  milk  and  in  cocoa-nut  oil ;  it  is  also  found  in 
several  kinds  of  fusel-oil,  partly  free,  partly  as  an  ethylic  or  amylic 
ether.  It  is  best  prepared  by  saponification  of  cocoa-nut  oil ;  its 
barium-salt  being  very  sparingly  soluble,  is  easily  separated  from 
the  barium-salt  of  caproic  acid  formed  at  the  same  time. 

Caprylic  acid  has  a  faint  but  impleasant  odour,  especially  when 
warmed.  It  solidifies  at  12°,  melts  at  15°,  and  boils  at  236°-238°. 
When  boiled  with  nitric  acid,  it  is  converted  iuto  nitrocaprylic 
acid,  CgHisCNOsjOa. 

Primary  octyl  alcohol,  CgHigO,  obtained  from  Heracleum  oil 
(p.  157),  yields  bv  oxidation  with  chromic  acid  an  acid,  CgHieO.j, 
solidifying  at  12°,  melting  at  16°-17°,  boiling  at  234°-238°,  and  doubt- 
less identical  with  the  caprylic  acid  of  natural  fats  ;  but  the  primary 
octyl  alcohol  obtained  from  the  octane  of  American  petroleum, 
yields  by  oxidation  an  acid  isomeric  with  the  above,  inasmuch  as 
when  floating  on  water,  it  remauis  liquid  at  0°. 

As  the  primary  octyl  alcohol  of  Heracleum  oil  is  an  iso-alcphol 
(p.  157),  it  follows  that  the  caprylic  acid  formed  from  it  by  oxida- 
tion, and  therefore  also  that  obtained  from  natural  fats,  must  be  an 

iso-acid,  viz.,  isoheptyl-formic  acid,  HgCp*"^-^ — (^^2)i — COgH. 

Pelargonic  or  Nonylic  Acid  CjHisOa  =  CgHi-.CO,!!,  was 

first  obtained  from  the  leaves  of  the  geranium  {Pelargonium  roseum), 
in  which  it  exists  ready  formed.  It  may  be  procured  ia  large  quantity 
by  the  action  of  nitric  acid  upon  the  essential  oil  of  rue  (which  con- 
tains nonyl-methyl  ketoneCgH^g.CO.CHg);  also, together  with  seyei-al 
other  acids  of  the  fatty  series,  by  the  action  of  boUiug  nitric  acid  on 
oleic  acid.  It  is  also  formed  synthetically  by  the  action  of  boiling 
alcoholic  potash  on  primary  octyl  cyanide,  CgHjj.CN,  prepared  from 
the  octyl  alcohol  of  Heracleum  oil.  It  is  a  Uquid  having  a  slightly 
•unpleasant  odour,  solidifying  at  12— 12-5°,  and  boiling  at  253-254°. 

Ethyl  pelargonate,  C9H17O2.C2H5,  may  be  easily  produced  by  dis- 
solving the  acid  in  strong  alcohol,  and  passing  a  current  of  hydro- 
chloric acid  through  the  solution.  It  is  a  liquid  of  specific  gravitj^ 
0-862,  and  boiling  at  250°.  It  lias  a  powerful  and  most  intoxicatiug 
vinous  odour. 

The  aroma  possessed  by  certain  wines  appeai-s  to  be  due  to  the 
presence  of  the  ether  of  pelargonic  acid,  which,  in  this  case,  is 
probably  generated  duriug  fermentation.  When  such  wines,  or  the 
residues  of  their  fermentation,  are  distilled  on  the  large  scale,  an  oily 
liquid  passes  over  towards  the  close  of  the  operation,  which  consists, 
in  a  great  measure,  of  the  crude  ether :  it  may  be  purified  by  agita- 
tion with  solution  of  potassium  carbonate,  freed  from  water  by  a  tfj 
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fragments  of  calcium  chloride,  and  redistilled.  The  pelargonic 
ether  obtained  by  this  process  was  originally  described  as  oenanthic 
ether,  and  the  acid  as  cencmthic  acid. 

Rutic  or  Capric  Acid,  CioHj^Og. — This  acid  exists  as  a 
glyceride  in  ordinary  butter  and  in  cocoa'-nut  oil ;  it  occurs  also  in 
several  kinds  of  fusel-oil,  and  is  formed  by  the  oxidation  of  oleic 
acid  and  of  oil  of  rue.  It  may  be  obtained  pure  and  in  tolerable 
ijuantity  from  the  liquid  which  remains  in  the  distillation  of  the 
fusel-oil  of  the  Scotch  distilleries  (p.  151)  after  the  amyl  alcohol  has 
■been  distilled  off  at  132°.  This  residue  consists  chiefly  of  amyl 
Tutate,  CioHi902.C5Hii.,  and  when  distilled  with  potash  gives  off 
•amyl  alcohol  and  leaves  potassium  rutate,  from  which  the  rutic  acid 
may  be  obtained  by  distillation  with  sulphuric  acid. 

Rutic  acid  is  a  colourless  crystalline  body,  having  a  slight  odour 
of  the  goat,  becoming  stronger  when  the  acid  is  warmed.  It  melts 
•at  27-30°,  boils  at  268-270°,  is  very  soluble  in  cold  alcohol  and 
ether,  insoluble  in  cold  water,  slightly  soluble  in  boiHng  water,  and 
dissolves  without  alteration  in  strong  nitric  acid. 

The  metallic  rutates  are  mostly  sparingly  soluble  in  water.  The 
barium  salt,  (CioHig02)2Ba,  separates  from  solution  in  boiling  water 
in  needle-shaped  or  large  prismatic  crystals  which  float  on  the  water 
if  not  moistened. 

■  Laurie  Acid,  C^^^^i'^^i  occurs  as  a  glyceride  (lanrostearin)  in 
.the  fat  of  the  bay-tree  {Laurus  nohilis),  and  in  the  solid  fat  and 
•volatile  oil  of  pichurim  beans  {Fabce  Pichurim  may.).  It  is  prepared 
•by  saponifying  these  fats  with  caustic  alkali,  and  decomposing  the 
Tesidting  soap  with  tartaric  or  hydrochloric  acid.  It  Likewise  occurs, 
together  with  other  fatty  acids,  or  their  glycerides,  in  cocoa-nut  oil 
and  the  oils  or  fats  of  several  other  plants,  also  in  spermaceti ;  and 
-is  separated  from  the  mixtures  of  fatty  acids  resulting  from  the 
saponification  of  these  substances  by  a  complicated  process  of  frac- 
lional  precipitation  with  barium  and  magnesium  salts,  into  the 
details  of  which  we  cannot  enter.* 

Laurie  acid  is  insoluble  in  water,  but  dissolves  easily  in  alcohol 
and  ether,  and  crystallises  from  alcohol  in  white,  silky  needles, 
■which  melt  at  about  43°. 

The  laurates  of  the  alkali-metals  and  of  barium  are  soluble  in 
■water;  the  other  salts  are  insoluble  or  sparuigly  soluble.  The 
ealciimi  salt,  (Ci2H2302)ijCa,  is  resolved  Ly  distillation  into  calcium 
carbonate  and  laurostearone : 

(Ci2H2302)2Ca    =    COgCa    +    C,,-H,,0 . 

Myristic  Acid,  C^HasOg,  occurs  as  a  glyceride  in  nutmeg- 
tutter  and  Otoba  fat;  also,  together  with  luuiic  acid,  in  Dika 
bread,  the  fruit  of  Mangifera  gahonensis,  an  African  tree ;  and, 
together  with  other  fatty  acids,  in  cocoa-nut  oil  and  spermaceti.  It 
may  be  produced  from  crude  ethal  (cetyl  alcohol)  by  heating  with  a 

■*  See  "Watts's  Dictionary  of  Cheiiii.stry,  vol.  iii.  p.  47<t. 
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mixture  of  potash  and  lime,  its  formation  being  doubtless  due  to 
the  presence  of  methal  or  myristic  alcohol,  Cj^HjqO,  in  the  crude 
ethal  (p.  160) : 

C14H30O    +    KHO    =    C14H27O2K    +  2H2. 

Laurie  acid  is  likewise  produced  by  a  similar  process  from  crude 
ethal,  doubtless  because  that  substance  also  contains  lethal  or  lauric 
alcohol,  CijHjqO. 

Pure  myristic  acid  is  most  easily  obtained  by  saponification  of 
Otoba  fat  (from  Myristica  Otoba).  It  forms  white,  shining  crystal- 
line lamLiia},  melting  at  53'8°.  It  is  quite  insoluble  in  water  and  in 
ether,  but  dissolves  easily  ia  hot  alcohol,  and  crystallises  therefrom 
on  cooling. 

The  myristates  of  the  alkali-metals,  C^^HgyOgK,  &c.,  are  soluble 
ia  water,  and  not  decomposed  thereliy  (like  the  stearates).  The 
other  myristates  are  insoluble  or  sparmgly  soluble,  and  are  obtained 
by  precipitation. 

Myristin,  (C3H5)(Ci4H2^02)3,  the  glyceride  of  myristic  acid,  is 
obtained  by  pressing  nutmegs  between  hot  plates,  exhausting  the 
crude  fat  thus  obtained  with  spirits  of  wine,  and  crystallising  the 
undissolved  portion  from  boiling  ether.  It  is  a  crystalline  fat 
having  a  silky  lustre. 

Palmitic  Acid,  C18H32O2.,  occurs  as  a  glyceride  (tripalmitin) 
in  many  natural  fats,  often  associated  with  steariu.  Pabn-oil, 
the  produce  of  Elais  guianensis,  Chinese  tallow,  the  produce 
of  the  tallow-tree  {Stillingia  sebifera),  and  Japan  wax,  from  Rhus 
auccedanea,  consist  mainly  of  tripalmitin.  Palmitic  acid  is  easily 
prepared  by  saponifying  palm-oil  with  caustic  potash,  decomposing 
tlie  soap  with  sulphuric  acid,  and  crystaUisiug  the  separated  fatty 
acid  several  times  from  hot  alcohol  tiU  it  exhibits  a  constant  melting- 
oint.  Chinese  tallow  may  be  saponified  with  alcoholic  potash,  and 
apan  wax  by  fusion  with  solid  potassium  hydi-ate,  and  the  soap 
ti'eated  in  a  similar  manner. 

Palmitic  acid  exists  also  as  cetyl  palmitate  (cetin),  C10H33.C18H31O,, 
in  spermaceti,  and  as  myricyl  palmitate  (melissin),  CapHgi.CigHgiOj, 
in  bees'-wax.  It  is  produced,  together  with  acetic  acid,  by  melting 
oleic  acid,  C18H34O2,  with  potassium  hydrate : 

C18H34O2  +  2K0H  =  C„H3i02K  +  C2H3O2K  +  H2. 

Palmitic  acid  is  a  colourless,  solid  body,  without  taste  or  smell, 
lighter  than  water.  It  is  insoluble  in  water,  but  dissolves  abun- 
dantly ia  boiling  alcohol  or  ether.  The  solutions  are  acid,  and 
when  concentrated,  solidify  in  a  mass  on  cooling.  "^Iieu  dilute 
they  yield  the  acid  in  tufts  of  slender  needles.  It  melts  at  62°,  and 
solidifies  on  cooling  in  a  mass  of  shining  nacreous  lamiuiB.  When 
heated  in  a  dish  it  boils  and  evaporates  without  residue,  and  may 
be  distilled  abnost  without  change.  When  gently  heated  in  the 
air,  it  is  but  slightly  altered,  but  at  higher  temperatures  it  takes 
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fire,  and  bums  with  a  bright  smoky  flame  like  other  fats.  It  ia 
attacked  by  chlorine  at  100",  giving  ofl'  hydrochloric  acid,  and  form- 
ing oUy  substitution-products.  Heated  with  alcohols,  it  forms  com- 
poimd  ethers. 

Palmitic  acid  forms  normal  or  neutral  salts,  having  the  composi- 
tion MCjeHgiOa  for  univalent,  and  M"(Ci6H3^02)2  for  bivalent 
metals,  and  with  the  alkali-metals  also,  acid  salts  analogous  to  the 
acid  acetates.  The  normal  palmitates  of  potassium  and  sodium  are 
soluble  in  water  and  alcohol  ;  the  rest  are  insoluble,  and  are  ob- 
tained by  precipitating  a  metallic  salt  with  an  alcoholic  solution  of 
sodium  or  potassium  palmitate. 

Ethyl  palmitate,  C2H-.CieH3i02,  obtained  by  passing  hydrochloric 
acid  gas  into  a  saturated  alcoholic  solution  of  palmitic  acid,  crystal- 
lises in  prisms,  and  melts  at  24°. 

Glyceryl  Palmitates  or  Palmitins.— There  are  three  of 
these  ethers— viz.,  Monopalmitin,   C3H5  j  J^^^a     ^  dipahiitin, 

^'^^  I  (Ci6H3i02)2'  ^""^  tripcclmitin,  C3H5(Ci6H3i02)3.  The  first 
and  second  are  obtained  by  heating  palmitic  acid  with  glycerin  in 
sealed  tubes  ;  the  thu'd  by  heating  a  mixture  of  1  part  of  monopal- 
mitin and  10  parts  of  palmitic  acid  to  250°  for  twenty-eight  hours. 
They  are  all  crystalline  fats.  Tripalmitin  thus  obtained  melts  at 
46^  Natural  palmitin,  obtained  from  pabn-oil  and  other  fats,  has 
the  composition  of  tripalmitin,  but  exhibits  three  isomeric  (or 
rather  allotropic)  modifications  (like  those  of  stearin)  melting 
respectively  at  46°,  61-7°,  and  62-8°:  the  fii-st  appears  to  be  identical 
with  artificial  tripalndtin. 

Palm-oil  comes  chiefly  from  the  coast  of  Africa.  It  has,  when 
fresh,  a  deep  orange-red  tint,  and  a  very  agreeable  odour :  the  colour- 
ing matter— the  nature  of  which  is  imknown— is  easily  destroyed 
by  exposure  to  light,  especially  at  a  high  temperatiu'e,  and  also  by 
oxidising  agents.  The  oil  melts  at  27°.  By  cautious  pressure  it 
may  be  separated  into  fluid  olein  and  solid  palmitin,  which,  when 
punhed  by  crystallisation  from  hot  ether,  is  perfectly  wliite.  By 
keeping,  palm-oil  seems  to  suffer  a  change  similar  to  tliat  produced 
Dy  saponification  :  in  this  state  it  is  found  to  contain  traces  of  gly- 
cerin and  a  considerable  quantity  of  oleic  acid,  together  with  pal- 
mitic acid.  The  oil  becomes  harder  and  rancid,  and  its  melting- 
point  18  raised  at  the  same  time. 

Margaric  Acid,  C\^Ti,  fi^.—Th\s  name  was  formerly  a])plied 
10  an  acid,  intermediate  between  stearic  and  i)almitic  acids,  supjiosed 
to  be  produced,  together  with  others,  by  the  saponification  of  natural 
lats  ;  but  it  is  now  restricted,  for  reasons  to  be  presently  mentioned, 
TO  an  acid  pre]iared  by  a  definite  reaction— viz.,  by  tlie  action  of 
DOUing  alcoholic  potash  on  cetyl  cyanide : 

C.oHsgCN  +  KOII  +  H2O  =  NII3  +  CJ-I-I33O2K. 
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The  solid  potassium  salt  thus  obtained  is  decomposed  by  boiling 
.  dilute  hydrochloric  acid,  and  the  separated  margaric  acid  is  purified 
.  by  precipitating  its  ammoniacal  solution  with  barium  chloride,  de- 
composing the  precipitate  with  hydrochloric  acid  and  ether,  separ- 
.  atiiig  the  ethereal  solution  by  means  of  a  pipette  ;  and  distilling  off 
the  ether.    It  forms  wliite  crystals,  melting  at  59-9°,  and  is  inter- 
mediate in  all  its  properties  between  palmitic  and  stearic  acids. 

The  so-called  margaric  acid,  obtained  by  the  saponification  of 
natm-al  fats,  and  regarded  by  Chevreul*  and  many  other  chendsts, 
as  a  distinct  acid  having  the  composition  CiyHg^Og,  has  been  shoMTi 
by  Heintzt  to  be  a  mixture,  resolvable  iato  stearic  acid  and  other 
fatty  acids  of  lower  melting  point,  chiefly  palmitic  acid.  Such  mix- 
tures of  solid  fatty  acids,  or  of  the  corresponding  glycerides,  canndt 
be  completely  resolved  into  their  constituent  fats  by  crystallisation 
from  alcohol,  ether,  or  other  solvents,  which  was  the  method  of 
separation  resorted  to  in  the  earlier  investigations.  The  only 
efl'ectual  method  of  separation  is  to  subject  the  alcoholic  solution  of 
the  acids  to  a  series  of  fractional  precipitations  ■^dth  acetate  of  lead, 
barium,  or  magnesium,  the  stearate  then  separating  out  first. 

Stearic  Acid,  G^gllggOa,  was  discovered  by  Chevreiil  as  a 
constituent  of  the  more  solid  fats  of  the  animal  kingdom.  It 
is  most  abundant  in  these,  especially  in  beef  and  mutton-suet ; 
but  exists  also,  together  with  palmitic,  myristic  acid,  &c.,  in  the 
softer  fats,  such  as  the  biitter  of  cow's  milk,  human  fat,  that  of  the 
■goose,  of  serpents,  of  cantharides,  and  in  spermaceti.  It  occm-s  also 
■;in  vegetable  fats,  especially  those  of  cacao-beans,  of  the  berries  of 
€occulus  indicus,  and  in  shea-butter,  obtained  from  the  nuts  of  Bassia 
Parkii,  a  tree  growing  in  West  Africa.  In  aU  these  fats  it  occurs  as 
•a  glyceride,  but  in  that  of  cocculus  grains  also  in  the  free  state. 

Stearic  acid  is  prepared  from  beef  or  mutton-suet,  or  better 
from  cacao-fat,  by  saponifying  the  fat  with  soda-ley,  heating  the 
soap-paste  with  water  and  dilute  sulphiuic  acid,  remo\nng  the 
:separated  fatty  acids  after  cooling,  washing  them  with  water,  and 
then  dissolving  them  in  as  small  a  quantity  as  possible  of  hot 
alcohol.  On  cooling,  the  greater  part  of  the  solid  acid  separates 
out,  while  the  oleic  acid  remains  in  solution,  and  may  be  sepa- 
rated by  subjecting  the  mass,  after  draining,  to  strong  pressure,  re- 
dissolving  the  residue  in  a  small  quantity  of  alcohol,  iea-\angit  to 
separate  by  cooling,  and  again  pressing  the  solid  mass.  From  the 
mixture  of  solid  fatty  acids  thus  obtained,  the  stearic  acid  maybe 
separated  in  a  comparatively  pure  state,  by  repeated  crystallisation 
from  considerable  quantities  of  alcohol,  only  the  ix)rtioii  which  first 
separates  being  each  time  collected.  But  to  obtain  pure  stearic  acid, 
it  is  better  to  dissolve  the  impure  stearic  acid  (4  parts),  melting  at 
•60",  in  such  a  quantity  of  hot  alcohol  that  nothing  will  separate  out 

*  Eecherches  mr  les  corps  (jras  d'oriffine  aniinale.    Paris,  1823. 

+  For  lel'eiences  to  ITciutz's  memoirs^  see  Gmcliu's  Handbook,  vol.  xv.  p. 
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on  cooling,  even  to  0°,  and  mix  the  hot  liquid  with  a  boiUna  alcoholic 
solution  ol  magnesmm  acetate  (1  part).  The  magnesium-salt  which 
separates  on  cooling,  is  pressed  and  boiled  for  some  time  with  a  larae 
quantity  of  dilute  hydrochloric  acid,  and  the  stearic  acid  thereby 
separated  is  repeatedly  crystallised  from  alcohol,  till  it  melts  con 
stantly  at  69  to  70°.  . 

Stearic  acid  is  also  easily  prepared  from  the  fat  of  cocculus- 
bemes,  which  consists  mainly  of  stearin,  by  saponifying  it  with 
potash,  &c.  Accorcbiig  to  Buff  and  Oudemanns,  the  best  material 
tor  the  preparation  of  stearic  acid  is  shea-butter,  which  contains' 
about  30  per  cent,  oleic  acid,  and  70  per  cent,  stearic,  but  no  other' 
soucl  iatty  acid. 

On  the  large  scale,  impure  stearic  acid  is  prepared  for  the  manu-^ 
iacture  of  stearm-candles,  by  saponifying  some  of  the  harder  fats 
generaUy  wi  h  liine.     The  resulting  lime-soap,  decomposed  by: 
sidphuric  acid  yields  a  mixture  of  fatty  acids,  which  are  pressed 
first  m  the  cold,  and  afterwards  at  a  higher  temperature,  in  ovSr 
to  separate  the  oleic  acid  from  the  less  fusible  palinitic  ai^d  stearic- 
acids.    Another  method,  applied  chiefly  to  ^alm-oH,  consiS  ?n 
decomposing  the  fat  with  super-heated  steam,  as  described  imder 
Gltceri^  (p.  179)    A  third  method  consists  in  treating  th^faj 
with  sulphuric  acid,  and  distilling  the  product 

Pure  stearic  acid  crystallises  from  alcohol  in  nacreous  laminsp 
orneecUes;  It  IS  tasteless  and  inodorous,  and  has  a  distinct  acid- 
reaction.  At  low  temperatures  it  is  heavier  than  water,  havina  a 
specific  gravity  of  1-01  at  0°;  but  between  9°  and  10°  its  sSfic 
gravity  is  the  same  as  that  of  water.  It  melts  at  69°-69-2°  to  a 
colourless  oil,  which  on  cooling  solidifies  to  a  white,  fine,  scalv 
crystalline  mass,  lammo-crystaUine  on  the  fractured  iSce' 
When  heated,  it  distils,  for  the  most  part,  without  alteration* 
CMon7ie  converts  it  into  chlorostearic  acid  C  H  010      wtnf  i' 

re^rif^Tr^  to  ^  vrr  '-^'^^ ^^^^^^o 

sxearic  acid,  L^^ti^^-BrO^,  and  dibromostearic  acid,  C,«H„Br  0 
rates.-Steari'c  acid  dissolves  in  a  cold  aqueous  solutic 


Stear; 


£  ed  ?o  abS  l  Joo^''^S°'"^  ^™  ^  niono-acid  salt,  till 

posed  hv  i  f  T  ■  ^tearates  are  decom- 

Sence  of"b  ™-    Tlie  stearates  have  the 

Plfter8,and  are  mostiy  insoluble  in 
from  ;s.^nr'T^''^T?'^-?''^^^''8H350,K,  separates  on  cooling 
£  ?()  n  rt„  \  P^'^  ^"^^^^  ""''^  1  I'^^t  potassium  hydrat^ 

cIh  8  K  f  "t^o'''  ^"  ^'"tf  oP'-ique  gmnulis.  The  acid  salt, 
mth  innn  'n  ''"  2'"'^°''*"'^"^'^  '^^  decomposing  the  normal  salt 
fromsl  ?HoPL'^  °r  ^^''^        ^^P'-^^-'-^tes  in  silvery  scalers 

very  much  like  the  potassium-salt,  but  harder.  Tho'aci^i 
2mtnrf.  ^'c'^'''^     decomposing  tlie  normal  salt  with 

-!W0  parts  or  more  of  water,  separates  fi'om  the  hot  solution  S 
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nacreous  laminffi.  The  stearates  of  the  earth-metals  and  heavy 
metals  are  insoluhle  in  water,  and  are  obtained  by  precipitation. 

Soaps  consist  of  mixtures  of  the  sodium  or  potassium  salts  of 
stearic,  pahnitic,  oleic,  and  other  fatty  or  oily  acids,  and  are  pro- 
duced by  saponifying  tallow,  ohve  oil,  and  other  fats  with  caustic 
alkalis.  The  soda-soaps  are  called  hard  soaps:  they  separate  from 
the  altaliiie  liquor,  on  addition  of  common  salt,  in  hard,  imctuoas 
masses,  which  are  the  soaps  in  common  use  :  this  mode  of  separation 
is  called  salting  out.  The  potash-soaps,  on  the  other  hand,  cannot 
be  thu.s  separated  ;  for,  on  adding  salt  to  their  solution,  they  are  de- 
composed and  converted  into  soda-soaps  ;  but  they  are  obtained  in 
a  semi-sohd  state  by  evaporating  the  solution.  The  products,  called 
soft  soaps,  always  contain  a  considerable  excess  of  alkali,  and  are 
used  for  cleansing  and  scouring  when  a  powerful  detergent  is 
required. 

Stearic  ethers  are  formed  by  heating  stearic  acid  with  alcohols, 
monatomic  or  polyatomic.  Ethyl  stearate  C2H..C1SH35O2,  is  most 
easily  obtained  by  passing  hydrochloric  acid  gas  .into  an  alcoholic 
solution  of  stearic  acid.  It  resembles  white  wax,  is  inodorous  and 
tasteless,  melts  at  30°,  and  cannot  be  distUled  without  decomposition. 
It  is  readily  decomposed  by  boiling  with  caustic  alkalis.  There  are 
three  glyceryl  stearates  or  stearins,  analogous  in  composition 

to  the  pahnitins  :  Monostearin,  C3H5  \  ^'^^  n  >  prepared  by  heat- 

(  '^18-'='-35'-'2  .  „  . 

ing  a  mixture  of  equal  parts  of  stearic  acid  and  glycenn  to  200  m  a 
sealed  tube  for  36  hours,  forms  very  small  white  needles,  melting  at 

61°,  and  solidifying  again  at  60°. — Distearin,  C3H5 1       Hg^-O,), ' 

obtained  by  heating  monostearin  with  3  parts  of  stearic  acid  to  260° 
for  three  hours,  forms  white  microscopic  laminte,  melts  at  58°,  and 
solidifies  at  55°. — Tristearin,  €3115(018113502)3,  is  prepared  by  heat- 
ing monostearin  with  15  to  20  times  its  weight  of  stearic  acid  to  270° 
for  tlu-ee  hours  in  a  sealed  tube  ;  also  fi-om  various  solid  natiiral 
fats  by  solution  in  ether,  and  repeated  crystallisation  from  the  hot 
soliition.  It  crystallises  in  masses  of  white  pearly  laminre  or 
needles,  inodorous,  tasteless,  neutral,  and  volatilisin"  without 
decomposition  under  reduced  pressure.  Both  natural  and  artificial 
tristearin  exhibit  three  isomeric  or  allotropic  modifications.  Stearin 
separated  from  ether,  melts  at  69-7°;  but  if  heated  to  73-7°  or 
higher  and  then  cooled,  it  does  not  solidify  till  cooled  to  5r7°.  It 
then  melts  at  52°,  and  if  heated  a  few  degrees  higher,  passes  into  a 
third  modification,  wliich  does  not  melt  below  64-2°. 

Arachidic  Acid,  CjoHjoOj,  is  a  fatty  acid  obtained  by  saponi- 
fication of  oil  of  earth-nut  {Arachis  hyjmgwa).  It  crystallises  in 
very  small,  shining  scales,  melts  at  75°,  and  solidifies  again  at  73'5° 
to  a  radiated  crystalline  mass.  It  is  but  slightly  soluble  in  cold 
alcohol  of  ordinary  strength,  but  dissolves  easily  in  boiling  absolute 
alcohol  and  in  ether. 
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The  ^Iver-salt,  C^oH^.O^Ag,  is  a  white  precipitate,  which  separates 
from  bmliBg  alcohol  in  slightly  lustrous  pksms,  not  altered  by 
exposure  o  light.  Ethyl  arachidate,  CsoHg^O^.C^H,,  is  a  crystaUine 
mass  melting  at  52-5°.  Berthelot  has  obtaSied  three  V/S 
araclndates  amcMns,  analogous  to  the  stearins,  by  heating  the 
acid  with  glycenn  in  sealed  tubes. 

Benic  or  Behenic  Acid,  C,,-R,fi,,  is  obtained,  together 
by  saponification  of  oil  of  ben,  the  oil  expressed 
from  thejvmt,  of  Monncja  Nux  Behen.    It  is  a  white  cry  talline 
&t,  meltmg  at  76°,  and  soHdifying  at  70°. 

Cerotic  Acid,  C^jB^O^,  is  the  essential  constituent  of 
cmw,  the  portion  of  bees'-wax  which  is  soluble  in  boiling 
alcohol.  It  is  prepared  by  heating  the  wax  several  times  in  suc- 
^T.T^^     Jo"?^  till       deposit  which  forms  on  cooling 

frnJi  ;\    1.         '  ^^"^^^^^  P^^ifi^'i      precipitating  it 

from  the  boiling  alcoholic  solution  with  lead  acetate,  decompos- 
ing the  precipitate  with  strong  acetic  acid,  and  crystallising  the 
separated  acid  from  boiling  alcohol.    Cerotic  acid  is  also  produced 

olltl    J  ^''^^r^'°^       R^^^""  ^^""^  consists  of  ceryl 

cerotate,  ^2iti-53^-2^2rti65,  or  by  melting  that  substance  with  potash 
Mid^^decomposmg  the    resulting  potassium-salt  with  ai  acid 

Piire  cerotic  acid  crystallises  in  small  grains,  melting  at  78°  and 
dis  illmg  without  alteration  Chlorine  converts  it  into'chlorocerotic 
oolour  ^  transparent  gum  of  a  pale  yeUow 

Ceryl  cerotate,  or  Chinese  wax,  is  produced  on  certain  trees  in 
ymna  by  the  pimcture  of  a  species  of  coccm.  It  is  crystalline  of  a 
dcote  J^n'^^'-^-^^'-rT^^^^     "^'^^^       82°;   dissolves  in 

hZtltl'f  C  H  O^,  the  highest  known  member  of  the 

Sh-ime  r  ^     '^'"'^  ""^"'^^  ^^'^^^"^  ^P-  161)  with 

C30H02O2  +  KOH  -  CgoH^^O^K  +  2H2. 

hlw'lZ'''^f''''^'-''''"'^'^^°'^  ^  but  melts  at  a 

fiigher  temperature,  VIZ.,  at  88°  or  89°.  The  silver- -sa If  C  H  C  Aa 
18  a  white  precipitate.  aimr-sait,  Ogo-tigoUjAg, 
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Monatomic  Acids,  CnH2n-202. — Acrylic  Series. 

This  series  comprises  tkree  isomeric  groups  of  acids,  which  may 
be  represented  by  the  following  general  formulae,  in  which  n  and  p. 
denote  any  whole  numbers  from  0  upwards:^ 


(1.) 

(2.) 

(3.) 

CnH2n+l 

CnH2n 

CnHgn 

CH 

II 

CH 

II 

C— CpH 

11 

CH 

1 

■  CHa 

CO2H 

1 

COgH 

COgH 

some  occur,  mostly  as  glycerides,  in  vegetable  and  animal  organisms, 
others  are  formed  artificially  by  special  processes.  Most  of  them 
are  oily  liquids.    The  known  acids  of  this  group  are  : 

Physetoleic  acid, 
Hypogseic  acid, 
Gaidic  acid. 
Oleic  acid,  "l 
Elaidic  acid,  / 
Doeglic  acid,  . 
Brassic  acid, 
Erucic  acid. 


Acrylic  acid, 
Crotonic  acid,  . 
Angelic  acid, 
Pyroterebic  acid, 
?  Damaluric  acid, 
1  Damolic  acid. 


Moringic  acid,  ) 
cid,  ] 


Hg  O2 
Hg  O2 

^0  -^1002 
Cf  Hj^202 

^13-^2402 

^15-^2802 


^-19336^2 


Cimicic  acid, 

Of  the  acids  of  the  second  group  only  one  is  at  present  known,' 
viz.,  isocrotonic  acid,  C4H602=CH2=CH— CH2— COjH  [n=i]. 

The  acrylic  acids  of  the  third  group  are  formed  by  a  general  syn- 
thetical process,  viz.,  by  abstraction  of  the  elements  of  water  from 
certain  acid  ethers  or  alcoholic  acids,  having  the  composition  of  oxalic 

*  The  most  general  formuloa  by  wliich  tlie  structure  of  tliese  acids  can  be 
represented  are  the  following : — 

(2,  a) 

Cn-pHaCn-p) 

(Ah 
(iH,)p 


(1,  a) 

C„_pH2f»_p)+i 

i 

CH 


(3,  a) 

Cn-pHscn-p) 


CH 

I 

(CHa), 


CO,H 


The  first  of  these  formula}  is  reducible  to  C„+3H2n+40o  or  Cn+aHjcn+sj-oO,, 
and  the  second  and  third  to  Cn+aHsa+sOa  or  C.i+sHjcn+a)— aOo,  both  of  which 
are  included  under  the  general  formula  of  the  series  CmHs^-aOa.  In  all  the 
known  acid8  of  the  first  group,  however,  except  perhaps  angelic  acid  (p.  308), 
the  value  of  p  =  0,  and  in  the  only  known  acid  of  the  second  group,  viz.,  iso- 
crotonic acid,  p=l,  so  that  for  these  known  acids  the  two  formula  are 
reduced  to  tlie  simpler  forms  given  iu  the  text. 
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acid,  CoHjO^,  in  which  1  atom  of  oxygen  is  replaced  by  2  atoms  of 
a  monatomic  alcohol-radicle,  CnHan  +  i ;  thus : 

CH3  CH2CH3  CH2CH3 

HO-C  =  0    H0-i-CH3    HO-C-CH3  HO-C-CH3CH, 

I  I  I 

HO-C  =  0   HO-C  =  0      HO-C=0  HC-C=0 

Oxalic  acid.       Diracthoxalic  Ethonicth-  Diethoxalic 

acid.    1  oxalic  acid.  acid. 

Now,  when  the  ethylic  ethers  of  these  acids  are  treated  with 
phosphoric  oxide  or  phosphorus  trichloride,  they  give  up  a  molecule 
ot  water  (H2O),  at  the  expense  of  one  of  the  molecules  of  hydi-oxyl 
OH)  and  of  an  atom  of  hydrogen  abstracted  from  one  of  the  monad 
alcohol-radicles,  which  is  thereby  converted  into  a  dyad  radicle  (an 
define)  capable  of  satm-ating  the  unit  of  equivalence  of  the  carbon- 
atom  set  free  by  abstraction  of  the  hydroxyl.  The  product  is  the 
ethylic  ether  of  an  acrylic  acid  of  the  third  group;  thus: 
CH3  CH2 

HO-C-CH3  C-CH3 

H,C20-C=0  H^CO-CzzzO 

Ethyhc  dimetli-  Ethylic  metliyl- 

oxalate.  acrylate. 

The  ethylic  ether  thus  formed  is  converted  into  methacrylic  acid  by 
saponification  with  potash  in  the  usual  way.  In  this  manner  the 
following  acids  have  been  obtained  ; 

Methacrylic  acid,  CHg  =  C<^'q^jj  ,  isomeric  with  Crotonic  acid. 
Methylcrotonic  acid,  C^H,  =  C<g^5  jj ,  isomeric  with  Angelic  acid. 
Ethylcrotonic  acid,  C,R,  =  C<:^^'^^3^  isomeric  with  |  ^^^d^f 

There  micrht  of  course  bean  ethacrylic  add  isomeric  with  methyl- 
crotonic acid,  and  a  propyl-acrylic  acid  isomeric  with  ethyl-crotonic 
acid,  but  these  have  not  yet  been  obtained. 

nnP?-  ^^^^^7?"''^^  f'^it^^  f  the  three  groups  differ  from  one  another 
according  to  the  values  of  n  and2,,and  those  which  contain  tlie  radicle 
and  Its  higher  hoiriologues,  are  susceptil^le  of  further  modifica- 
tions according  to  the  structure  of  these  radides 

Ihe  acids  ot  all  three  series,  when  fuse.l  with  potash,  are  resolved, 
With  evolution  of  hydrogen,  into  two  acids  of  the  fatty  series  : 

aSo"^    +  =  pC^H„0,    +    aH,0,    +  II, 

Propionic.  Acetic. 


C.sH  0,    +    2H,0    =    C  jl^^p,    +    C  H  p,  + 

Fttlniltlc.  Acetic. 

FOWNES. — VOL.  11 
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generally : 

CnH2n-202  +  2IL.fi   =   Cn-pH2(n-p)02  +   CpHapO,  +  H,. 

The  manner  in  which  this  splitting  up  of  the  molecule  takes  place 
differs,  however,  according  to  the  group  to  which  the  acid  belongs. 
In  the  decomposition  of  an  acrylic  acid  of  the  hrst  group,  one  of 
the  products  formed  is  always  acetic  acid ;  in  the  second,  one  of  the 
products  is  always  propionic  acid;  while  in  the  thii-d  the  two  pro- 
ducts may  be  any  members  of  the  fatty  series  of  acids. 

The  final  result  of  the  action  above  mentioned  is  in  fact  to  add 
2  atoms  of  hydrogen  and  2  atoms  of  oxygen  to  the  molecule 
CnH2n->202.    Now,  if  in  an  acid  of  the  first  group,  represented  by 

the  formula, CiiH2n+i—CH=iCH—C02H, we  suppose     to  be  added 

to  the  right  of  the  dotted  line,  we  get  CH3— COgH,  which  is  the 
formula  of  acetic  acid,  while  the  addition  of  O2  to  the  left  of  the  dotted 
line  gives  CnH2n+i— CO2H,  which  is  also  the  formula  of  a  fatty 
acid.  Similarly  the  addition  of  H2  on  the  right  of  the  formula  of  the 

second  group,  CnHaaiiiCH— CH2— CO2H,  gives  CH3— CH2-CO2H, 

which  is  the  formula  of  propionic  acid,  while  the  addition  of  O2  on 
the  left  gives  CnH2n02,  which  represents  another  fatty  acid. 

The  acrylic  acids  are  also  converted  into  fatty  acids  by  the  action 
of  nascent  hydrogen,  e.g.,  crotonic  acid,  C^HbOj,  into  butyric  acid, 

Acrylic  Acid,  CgH^  =  CH2=CH-C02H  [n  =  0  in  formula 
l]._This  acid  is  the  lowest  possible  member  ot  the  series,  and  does 
not  admit  of  isomeric  modifications.  It  is  produced— (1 )  By  oxidis- 
ing its  aldehyde  (acrolein),  C3H4O,  with  moist  silver  oxide ;  (2)  i  rom 
«  or  /3iodopropionic  acid,  CH3.CHLCO2H,  or  CH2I.CH2.CO2H,  by 
heatiag  alone,  or  with  alcoholic  potash,  whereby  HI  is  abstracted; 
(3)  By  the  action  of  nascent  hydi-ogen  (zinc  and  sulphuric  acid;  on 
^-dibromopropionic  acid  : 

CHgBr— CHBr— CO2H  +       =  2HBr  -t-  CHj^CH— COoH . 

Acrylic  acid  is  a  colourless  liquid,  having  a  pungent,  slightly 
aromatic  odour,  and  miscible  in  aU  proportions  Avith  water.  It 
solidifies  at  low  temperatiu'es,  melts  at  7°,  and  boils  at  139  -l-^P  • 
Nascent  hydrogen  converts  it  into  propionic  acid.  It  unites  with 
bromine,  forming  /3-dibromopropionic  acid,  and  with  the  haloid  acids 
to  form 'the  /3-substitution-prodacts  of  propionic  acid.  By  fusion 
with  iwtash  it  is  resolved  into  formic  and  acetic  acids. 

The  metaUic  acrylates,  excepting  the  silver  salt,  are  very  soluble 
in  water  •  they  decompose  at  100°.  The  silver  salt,  L^ti-p.^Ag,  ana 
the  lead  salt,  (C3H.30i)2P^,  crystaUise  in  shining  needles. 

Ethyl  Acrylate,  CHo^CH-COaCoH,,  prepared  from  the  ethyhc 
ether  of  /3-dibromopropiouic  acid  by  the  action  oi  zmc  and  sulpfiuric 
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^^i^^^'  ^^^^^^ « ^--^y  of  0.925 

_  Chloracrylic  A  cid,  C.RfilO,,  prepared  by  treating.  rTicMororao 
piomc  acKl  with  baryta-water,  crystallises  m  slender  nl^edles  wEh 
melt  at  Qb" .—Bromacrylic  Acid,  C, H,BrO,     Of  tliis  ipir  tLl 
two  modifications,  CH,=CBr-do,k  a^d  CHBr=CH-CO 
obtained  resi3ectively  fi-om       and  /Stdibromopropionic  acid  The 
l^STbXropl^^  ^drobroi^  acid,  reprodrJil;.: 

are^^t^eeTcJlitriS^^^^^^ 

(1.)  Solid  Crotonic  Acid,  CHg-CH^CH-CO^H.-Thi.  acid 
;   "ffi     J   bV'I^'^'T  °f\*-^l^^¥^^e,  CH3-Cll=:CH-C0H 

te-CHmH^  OH  ro^TT^Vf^"^^"^^  °^  /?-oxybutyric  acid, 
c±i3    UM(UH)— OH,— CO2H  (abstraction  of  OHH)  •  v  Bv  tbp 

and  cU^SSSn  of        1  "".^^^ '° -^^^^     conversion  into  thi  cyanide, 

mig"ex;eSl7o''b'^  ci^^^^^^         Sj  Jjif  f 

from  it  fTT  — PTT    nn  nxl    V  .  "V-'^?^^'  f^ncl  the  acid  obtamed 

Bnt  nrthp     n  f.^-'  ^^''^  \'  ''^^  structure  of  isocrotonic 
acKl.    Bnt  as  the  acid  obtained  m  this  manner  is  identinl  in  it« 

EZ;l  b:7nti.X^;^^'t/''  P™^r"^      ^^^^  firsMW^iiln 
r.t^?J  i  1         ^  conversion  of  the  alTyl  iodide 

Solid  crotonic  acid  crystallises  in  slender  woolly  needles  or  in 

wX^1?)="  Nas?en?°hvf  ^  ^^'^  cUssolve's  h^f^irTs  S 

Tdd    Itifnit;.  w^l.?  1^    "f""  "^r*^"*^      "^to  normal  butyi-ic 

with  nitric  acid,  it  IS  resolved  int?reS;d  o^  a^fdr^i^Sy 
fusion  with  potash,  into  two  molecules  of  acetic  acid  •        '  ^ 

CH3-CH=CH-C0,H  +  2H,0  =  SCCH^CO.H)  +  H,. 

TinfZhZZrlTi  ^'-'f'  ^''^^'^^'^^      the  action  of 

ZslLirnenHTl  "'i   °"  "'^Worocrotonic  aci.l ;  also  by  that  of 

have  the  structure' CTl3-CCl=CH-c65r;^'  ""^'P''""' 
CH3  ^  CPL 

CO  CGI 
CH2        +  SPClgCl^  =  2PCI3O  +  C,H,C1  +  HCl  +  1 1 
^  COOC2H5  CH 

and  COci 

CH3.CC1=CH.C0C1  +  HOH  =  HCl  +  CH3.CC1=CH-C00H . 


c 
to 
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This  acid  dissolves  in  35  parts  of  water  at  19°,  melts  at  94°,  and 
boils  at  206°-210°.   Sodium  amalgam  converts  it  into  crotonic  acid. 

Trichlorocrotonic  Acid,  C.H3CI3O2,  produced  by  oxidation  of  the 
corresponding  aldehyde  witli  cold  strong  nitric  acid,  melts  at  44°. 

(2.)  Isocrotonic  Acid,  CH2=CH— CH2— COgH  (Geuther's  gwar- 
tmylic  acid),  formed  from  its  chloro-derivative  (infra)  by  the  action  of 
sodium  amalgam,  is  a  non-sohdifying  liquid,  having  a  specific 
gravity  of  1-018  at  25°,  and  boiling  at  172°.  When  heated  in  a 
sealed  tube  to  170°-180°,  it  is  converted  into  solid  crotonic  acid. 
When  fused  with  potash,  it  is  resolved,  not  as  might  be  expected, 
into  propionic  and  formic  acids,  but,  in  consequence  of  the  trans- 
formation by  heat  just  mentioned,  into  two  molecules  of  acetic 
acid. 

Ghlorisocrotonic  acid,  CHg— CCl— CH2— CO2H,  is  produced,  to- 
gether with  chlorocrotonic  acid,  by  the  action  of  phosphorus  penta- 
chloride  an  d  water  on  ethylic  aceto-acetate.  It  forms  crystals  slightly 
soluble  in  water,  sublimes  at  ordinary  temperatures,  melts  at  59-5°, 
and  boils  at  195°. 

(3.)  Methacrylic  Acid,  CH2=C<^Qyn=l,p  =  l  in  formula  3, 

p.  304],  is  formed  by  the  action  of  phosphoric  oxide  or  phosphorus 
trichloride  on  ethylic  dimethoxalate  (p.  305),  and  by  that  of  phos- 
phorus trichloride  on  oxyisobutyric  acids: 

It  is  a  liquid  which  does  not  solidify  at  0°.  By  fusion  with  potash 
it  is  resolved  into  formic  and  propionic  acids. 

Five-carbon  Acrylic  Acids,  Cr,H802=C^IT7.C02H  . — Of 
these  acids,  two  only  are  known,  namely,  angelic  and  methyl- 
crotonic  acid. 

Angelic  Acid  exists  in  the  root  of  the  archangel  {Angelica  Archan- 
gelica),  and  in  sunibul  or  moschus  root,  a  drug  imported  from  Asia 
Minor,  and  probaVdy  also  belonging  to  an  umbelhferous  plant.  It 
is  obtained  from  archangel  root,  by  boiling  the  root  with  lime  and 
water,  and  distilling  the  strained  and  concentrated  liquid  with  dilute 
sulphuric  acid.  It  is  also  produced  by  heating  the  essential  oU  of 
chamomile,  which  consists  of  angelic  aldehyde  together  with  a  hydro- 
carbon, with  potassium  hydroxide : 

CjHgO    +    KOH    =    C5H7KO2    -I-  H2. 
Also,  together  with  oreoselin,  by  treating  peucedanin  or  impera- 
torin  (a  neutral  substance  contained  in  the  root  of  Imperatoria 
Ostruthium,  and  some  other  umbelliferous  plants),  with  alcoholic 
potash : 

C12H12O3    +    KOH    =    C.H.KOj    +  CyHflOg 

Ppucednnin.  Totassiium  Oreoselin. 

angelate. 
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Angelic  acid  crystalKses  in  long  prisms  and  needles,  melts  at 
45°,  boils  at  190°,  and  distils  without  decomposition.  It  has  an 
aromatic  taste  and  odour,  dissolves  sparmgly  in  cold,  abundantly 
in  hot  water,  also  in  alcohol  and  ether. 

It  unites  with  bromine,  forming  a  dibromovaleric  acid,  CgHgBr^O,, 
which  is  reconverted  by  sodium-amalgam  into  angeKc  acid.  It  is 
not  altered  by  nascent  hydrogen,  but  when  heated  with  concentrated 
hydnodic  acid  and  a  Little  phosphorus,  it  is  converted  into  normal 
valeric  _acid._  By  fusion  with  2}otash  it  is  resolved  into  acetic  and 
propionic  acids,  a  mode  of  decomposition  which  is  consistent  with 
either  of  the  two  following  structural  formulae  of  the  acid : 

CaH^-CH^CH— CO^H*.  or  CH3— CH=CH-^CH,— CO^H  .t 

The  angelates  of  the  alkali-metals  are  soluble  in  water  and  in 
alcohol.  Calcixim  angelatc,  Ca(C,H702)2-|-aq.,  forms  shining,  very 
soluble  lamina3.    The  lead-salt,  Pb(C5Hj02)2 ,  is  a  white  precipitate. 

Totassium  angelate  treated  with  phosphorus  oxychloride  yields 
angelic  oxide,  or  anhydride,  {C^R^0)20,  which  is  a  viscid  uncrystal- 
lisable  oil,  boiling  at  240°. 

Methyl-crotoiiicAcid,CH3-CH=C<gJJ_3^,fonned  by  the 
action  of  phosphorus  trichloride  on  ethylic  methyl-ethyloxalate 
(p.  305),  IS  very  much  like  angelic  acid,  but  melts  at  62°.  By  fusion 
with  potash  It  is  resolved  into  acetic  and  propionic  acids. 

Identical  with  this  is  the  so-called  tiglic  acid,  which  is  con- 
tamed  as  a  glyceride,  together  with  those  of  butyric,  valeric,  and 
other  fatty  acids,  in  the  oil  of  Croton  Ticjlium. 

Six-carbon  Acids,  C„Hio02  =  C5Hg.C02H  .-1.  Pyroterehic 
acid  is  formed  by  dry  distillation  of  terebic  acid,  aH,„0,  (one 
ot  the  products  of  the  action  of  nitric  acid  on  turpentine-oil)  It 
is  an  oily  liquid,  smelling  like  butyric  acid,  having  a  specific 
gravity  of  IfJl,  and  boiling  at  210°.  By  fusion  with  potash  it  is 
resolved  mto  acetic  and  isobutyric  acids. 

2.  Hydrosorbic  acid  is  formed  by  the  action  of  sodium- amalgam 
on  sorbic  acid,  CgHgOj.  It  is  a  liquid  having  a  sudorific  odour,  a 
specific  gravity  of  0-969  at  19°,  and  boiling  at  204-5°.  By  fusion 
with  potash  It  IS  resolved  into  acetic  and  normal  butyric  acids. 
_i  his  and  the  preceding  acid  are  therefore  represented  by  the  follow- 
ing formula! : 

CH3-CH2-CH2-CH=CH-CO,H 

Hydrosorbic. 

CH(CH3)2— CH=CH-CO,H 

Pyroterebic. 

*  n=2,  p=0,  in  formula  1,  a  (p.  304,  footnote), 
t  n=2,  p=l,  in  the  same. 
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3.  Ethyl- crotonic  acid,  CR^ — CH — fo™^^ 

from  the  ethylic  ether  of  diethoxalic  acid  (p.  305),  by  the  action  of 
phosphorus  trichloride,  or  by  heating  with  hydrochloric  acid  to 
130°-150°.  It  crystallises  in  shining  square  prisms,  has  an  aromatic 
odour,  sublimes  even  at  ordinary  temperatures,  and  melts  at  41  "5°. 
By  fusion  with  potash  it  is  resolved  into  acetic  and  normal  butyric 
acids.  Its  salts  decompose,  even  during  the  evaporation  of  their 
aqueous  solutions. 

Seven-  to  Fifteen-Carbon  Acids. — Damaluric  acid, 
CjHi202,  and  Damolic  acid,  Cj3H2402,  are  volatile  acids,  said  to 
exist  in  the  urine  of  cows  and  horses. — Moringic  acid,  Cy^^fi^, 
is  an  oily  acid  obtained,  together  with  palmitic,  stearic,  and  benic 
acids,  by  the  saponification  of  oil  of  ben  (p.  303). — Cimicic  acid, 
Ci^HggOj,  is  a  yellow  crystallisable  acid,  having  a  rancid  odour, 
extracted  by  alcohol  and  ether  from  a  kind  of  bug  {Bhajihigaster 
punctijjennis). 

Hypogseic  Aeid,  CxgHgoOgjis  contained  as  a  glyceride,  together 
with  palmitin  and  aracMn,  hi  oil  of  earth-nut  (Arachis  ImjpogcecC). 
To  obtain  it,  the  mixture  of  fatty  acids  obtained  by  saponifying  the 
oil  is  dissolved  in  alcohol ;  the  palmitic  and  arachidic  acids  are  pre- 
cipitated by  ammonia  and  magnesium  acetate  ;  the  filtrate  is  mixed 
with  ammonia  and  lead  acetate  ;  the  lead  precipitate  is  decomposed 
by  hydrochloric  acid  ;  and  the  separated  hypogagic  acid  is  dissolved 
out  by  ether.  It  is  also  produced  by  oxidation  of  axinic  acid, 
(CigHogOj),  an  acid  obtained  by  saponification  of  age  or  axin,  a  fatty 
substance  contained  in  the  Mexican  plant  Coccus  Axin. — Hypogasic 
acid  crystallises  fi'om  ether  in  stellate  groups  of  needles,  melting  at 
34°  or  35°,  easily  soluble  in  alcohol  and  ether.  Its  potassium  and 
sodium  salts  are  soluble  in  water ;  the  harium  salt  is  soluble  in  hot, 
insoluble  in  cold  water  ;  the  copper  and  silver  salts  are  obtained  by 
precipitation.  The  ethylic  ether,  CjBHggOa.CjHg,  is  a  yeUow  oil,  not 
volatile  without  decomposition. 

Nitrous  acid  converts  hypogreic  acid  into  the  isomeric  or  allotro- 
pic  compound,  Gaidic  acid,  related  to  it  in  the  same  manner  as 
elaidic  acid  to  oleic  acid.  It  forms  a  colourless  crystalline  mass 
which  melts  at  38°. 

Physetoleic  acid,  a  crystalline  acid  obtained  from  sperm-oil, 
is  isomeric,  if  not  identical,  with  hypogteic  acid ;  it  melts  at  30°, 
and  solidifies  at  28°. 

Oleic  Acid,  CigHjjOj. — This  acid,  the  most  important  of  the 
series,  is  obtained  by  saponification  of  oleiu,  the  fluid  constituent  of 
most  natural  fats  and  fixed  oils. 

To  obtain  pure  oleic  acid,  olive  or  almond  oil  is  saponified  with 
potash  ;  the  soap  is  decomposed  by  tartaric  acid  ;  and  the  separated 
fatty  acid,  after  being  washed,  is  heated  for  some  hours  in  the  water- 
bath,  with  half  its  weight  of  lead  oxide  previously  reduced  to  fine 
powder.  The  mixture  is  then  well  shaken  up  M^th  about  twice  its 
bulk  of  ether,  which  dissolves  the  oleate  of  lead,  and  leaves  the 
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stearate  ;  the  liquid  after  standing  for  some  time,  is  decanted  and 
mixed  with  hydrochloric  acid  ;  the  oleic  acid  thereby  eliminated 
dissolves  in  the  ether  ;  and  the  ethereal  solution  which  rises  to  the 
surface  of  the  water  is  decanted,  mixed  with  water,  and  freed  from 
ether  by  distillation. 

Large  quantities  of  crude  oleic  acid  are  now  obtained  in  the 
manufacture  of  stearine  candles,  by  treating  with  dilute  sulphuric 
acid  the  lime-soap  resulting  from  the  action  of  lime  upon  tallow. 
The  fatty  acids  resulting  from  the  decomposition  are  washed  with 
hot  water,  and  solidify  in  a  mass  on  cooling  ;  and  this  mass,  when 
subjected  to  pressure,  yields  a  liquid  rich  in  oleic  acid,  but  still 
retaining  a  considerable  quantity  of  stearic  acid.  After  remaining 
for  some  time  in  a  cold  place,  it  deposits  a  quantity  of  solid  matter, 
and  the  liquid  decanted  from  this  is  sent  into  the  market  as  oleic 
acid  or  red  oil.    It  may  be  purified  by  the  process  just  described. 

Oleic  acid  crystallises  from  alcoholic  solution  in  dazzUng  white 
needles,  melting  at  14°  to  a  colourless  oil,  which  solidifies  at  4°  to  a 
hard,  white,  crystalline  mass,  expanding  considerably  at  the  same 
mue.  Specific  gravity  =  0-898  at  19°.  The  acid  volatilises  in  a 
vacuum  without  decomposition.  It  is  tasteless  and  inodorous,  and 
l  eacts  neutral  when  unaltered  (not  oxidised),  also  in  alcoholic  solu- 
tion. It  is  insoluble  in  water,  very  soluble  in  alcohol,  and  dissolves 
lu  aU  proportions  in  ether.  Cold  strong  sulphuric  acid  dissolves  it 
without  decomposition.  It  dissolves  solid  fats,  stearic  acid,  palmitic 
acid,  &c.,  and  is  dissolved  by  bile,  with  formation  of  a  soap  and  stron" 
acid  reaction.  ° 
Oleic  acid,  in  the  solid  state,  oxidises  but  slowly  in  the  air  ;  but 
when  melted,  it  rapidly  absorbs  oxygen,  acquiring  a  rancid  taste 
and  smell  and  a  decided  acid  reaction.  Its  decomposition  by  fusion 
with  potash  has  been  already  mentioned.  Chlorine  and  bromiiie,  in 
presence  of  water,  convert  it  into  dichloroleic  and  dibromoleic  acids. 
Bromine,  added  by  drops  to  fused  oleic  acid,  forms  tribromoleic 
acid,  C'lgHgjBrjOa. 

Strong  nitric  acid  attacks  oleic  acid  with  violence,  giving  off 
red  nitrous  vapours,  and  producing  volatile  acids  of  the  series 
UH2n02,  viz.,  acetic,  propionic,  butyric,  valeric,  caproic,  oenan- 
thyhc,  canryhc,  pelargonic,  and  rutic  acids  ;  also  fixed  acids  of  the 
series  C„H2n-204,  viz.,  suberic,  pinielic,  adipic,  lipic,  and  azelaic 
acids,  the  number  and  proportion  of  these  products  varying  with 
the  duration  of  the  action. 

Nitrous  acid  converts  oleic  acid  into  a  solid  isomeric  or  allotropic 
modification,  called  elaidic  acid. 

Oleates.— The  formula  of  the  neutral  oleates  is  WG^^H^p^r  or 
M  {G,^B.xfl.^).,,  according  to  the  quanti valence  of  the  metal :  there 
are  likewise  acid  oleates.  The  neutral  oleates  of  the  alkali-metals 
are  soluble  in  water,  and  not  so  completely  precipitated  fi'om  their 
solutions  by  the  addition  of  another  soluble  salt,  as  the  stearatcs  and 
palmitates.  The  acid  oleates  are  liquid  and  insoluble  in  water, 
ihe  oleates  dissolve  in  cold  absolute  alcohol  and  in  ether,  a  pro- 


312  FATTY  GROUP  :  MONATOMIO  ACIDS  CnH2n_40  2. 

perty  by  which  they  may  be  distinguished  and  separated  from  the 
stearates  and  pahnitates. 

Oleins. — Oleic  acid  forms  three  glycerides,  viz.,  monolein, 
(C3H5)(OH)2(C,gH3302)  ;  diolein,  (C3H5)(dH)(Ci5,H3302)2 ;  and  tri- 
olein, (C3H5)(C\8H3302)3,  wliich  are  produced  by  heating  oleic  acid 
and  glycerin  together  in  sealed  tubes,  in  various  proportions.  The 
fii'st  two  solidify  at  about  15°. 

The  olein  of  animal  fats,  of  olive  oil,  and  of  several  other  oils, 
both  animal  and  vegetable,  which  do  not  dry  up  in  the  air  by  slow 
oxidation,  but  are  converted  into  viscid  masses  having  a  rancid 
odour  ancl  acid  reaction  (non-drying  oils),  appears  to  be  identical 
with  triolein,  but  there  is  great  difficulty  in.  obtaining  it  pure. 
Olive  oil,  cooled  to  4°  or  a  lower  temperature,  deposits  a  large 
quantity  of  solid  fat,  consisting  mainly  of  palmitin  (originally 
called  margarin,  from  its  pearly  lustre),  and  the  oil  filtered  there- 
from consists  mainly  of  olein.  A  pm-er  olein  is  obtained  by  treat- 
ing olive  oil  with  a  cold  strong  solution  of  caustic  soda,  which 
saponifies  the  solid  fats,  and  leaves  the  olein  unaltered.  Olein, 
subjected  to  dry  distillation,  yields  gaseous  products,  liquid  hydro- 
carbons, acrolein,  and  sebic  acid. 

Appendix  to  Oleic  Acid. — Some  non-drying  oils  contain  the 
glycerides  of  acids  homologous  with  oleic  acid ;  such  is  the  case,  as 
already  observed,  with  croton  oil,  earth-nut  oil,  and  sperm  oil 
Doegling  train-oil,  obtained  from  the  doegling  or  bottle-nosed 
whale  (iJatena  rosirato},  yields  doeglic  acid,  CjgHggOg.  Colza-oil, 
obtained  from  the  seeds  of  certain  species  of  Brassica,  especially  the 
summer  rape  or  colza,  Brassica  campestris,  var.  olcifcra,  yields 
brassic  acid,  C22H^2^2 !  black  mustard-seed  yields 

a  similar  and  probably  identical  acid,  called  erucic  acid. 

Drying  oils,  such  as  linseed,  poppy,  hemp,  and  nut  oils,  contain 
the  glycerides  of  linoleic  acid,  CigHggO,,  which  may  be  prepared 
by  saponifying  linseed  oil  with  potash,  precipitating  the  aqueous 
solution  of  the  resulting  potassium  salt  with  calcium  chloride,  dis- 
solving out  the  calcium  linoleate  with  ether,  and  decomposing  it 
with  hydrochloric  acid.  Linoleic  acid  is  a  yellowish  oil  of  specific 
gravity,  0'921,  not  altered  by  nitrous  acid. 

Castor  oil,  whicli  is  a  non-drying  oil,  contains  the  glyceride  of 
ricinoleic  acid,  C13H34O3,  which,  -when  separated,  forms  a  colour- 
less oil,  solidifying  at  0°,  and  converted  by  nitrous  acid  into  a  solid 
modification,  ricinelaidic  acid,  which  melts  at  50°.  Bv  dry  dis- 
tillation it  is  resolved  into  oenauthylic  acid  and  oinanthol,  and  when 
heated  with  excess  of  caustic  potash  or  soda,  it  yields  secondary 
octyl  alcohol,  together  with  sebic  acid  and  free  hydrogen  (p.  158) 


Monatomic  Acids,  CiiH2n-402. — The  known  acids  of  this 
series  are  : 


Tetrolic  acid,  C^H^O^ 
Sorbic  acid,  OgllgO, 
Palmitolic  acid,  CiqH^sOj 


Stearolic  acid,  Ci^H^jOg 
Behenolic  acid,  C22H40O. 
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They  are  formed  from  the  acids  of  the  preceding  series  hy  ab- 
straction of  2  atoms  of  hydrogen,  which  is  effected  by  the  action  of 
alcoholic  potash  on,  the  chlorine  or  bromine  compounds  or  deriva- 
tives of  those  acids ;  e.(j., 

C.H.BrO,    +    KOH    =    KBr    -t-    H^O    +  C.H.O^. 

Bromocrotonic  Tetrolic 


acid. 


acid. 


C,HgBr,02    +    2K0H    =    2KBr    +    2H,0    +  C.H^O^ 

Bromide  of  cro-  Tetrolic 
tome  acid. 

They_  contain  4  atoms  of  hydrogen  less  than  the  corresponding 
fatty  acids,  and  are  therefore  unsaturated  compounds  of  the  second 
order,  capable  of  uniting  with  2  or  with  4  atoms  of  a  halogen- 
element. 

Tetrolic  Acid,  C^H^Oj,  produced  as  above  from  monochlorocro- 
tonic  acid,  crystallises  in  deliquescent  rhombic  plates,  easily  soluble 
m  alcohol  and  ether.    It  melts  at  76-5°,  and  boils  at  203°. 

Sorbic  Acid,  CgHgOj,  occurs  in  the  unripe  berries  of  the  moun- 
tain ash  (Sorbus  aucuparia),  from  which  it  may  be  obtained  by  mix- 
mg  the  juice  with  milk  of  lime  and  distilling.  It  then  passes  over 
as  an  oily  liquid,  which  solidifies  when  boiled  ^vith  strong  hydro- 
chloric acid,  or  when  warmed  with  potash. 

Sorbic  acid  crystallises  in  long  needles,  melts  at  134-5°,  decom- 
poses when  distilled  alone,  but  is  easily  volatilised  with  vapour  of 
water.  It  is  nearly  insoluble  in  cold  water,  but  dissolves  with 
moderate  facility  in  hot  water  and  in  alcohol.  Nascent  hydrocien 
converts  it  into  hydrosorbic  acid,  C„H^f,0,.  With  bromine  it 
forms  the  compounds  C.H.Bv.O^  and  CgHgBr.O^,  melting  respec- 
tively at  95°  and  183°.  o   »    4  o  1 

The  metallic  sorbates  are  crystallisable.  The  ammonium  salt 
crystallises  in  long  needles;  the  barium  salt,  (CoH702)2Ba,  and  the 
mlc^um  salt,  iC,R,0,),C>x,  form  silvery  scales  The  silver  salt, 
^cH-rOgAg.isa  crystalline  precipitate.  The  ethylic  ether,G,,}i,0,.CMr, 
IS  an  aromatic  liquid,  boiling  at  195-5  '  »   7  ^   ^  bj 

Palmitolic  Acid,  G^gH^^O^,  prepared  from  the  dibromide  of 
nypog;eic  acKl,  or  ot  its  isomeride,  gaidic  acid,  crystallises  in  shining 
needles  which  melt  at  42°.  It  unites  witli  2  and4  atoms  of  bromine, 
out  IS  not  altered  by  nascent  hydrogen. 

Stearolic  Acid,  prepared  in  like  manner  from  the  dibromide  of 
Oleic  or  elairtic  acid,  crystal] i.ses  in  long  prisms,  which  melt  at  48°, 
and  disti  almost  without  decomposition.  It  is  insoluble  in  water, 
but  dissolves  r(;adily  in  alcohol  and  ether.  It  unites  with  2  and  4 
atoms  ot  l»-om.me,  hnt  is  not  altered  by  nascent  hydrogen .  By  carefully 
regulated  fusion  with  potash,  it  is  resolved  into  acetic  and  hypogroic 
acias ;  at  higher  temperatures  myristic  acid  is  produced. 
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Behenolic  Acid,  C^^^^fi^^  from  dibromide  of  eracic  or  brassic 
acid  (p.  312),  forms  shining  needles,  melting  at  lb"". 

The  last  three  acids,  heated  with  fuming  nitric  acid,  are  converted 
into  monobasic  acids  of  the  form  CnH2n-404,  viz. : 

Palmitoxylic.  Steavoxylic.  Behenoxylic 

^10^28^4  CIj8H3204  CjjH^O^l 

melting  at  67°  86°  90° 

These  acids  crj'stalhse  in  shining  plates  or  scales. 


CARBOKETONIC  ACIDS. 

These  acids  are  derived  from  ethyl  acetate  and  other  compound 
ethers  of  the  fatty  series.  When  sodium  is  heated  with  ethyl 
acetate,  it  dissolves,  with  little  or  no  evolution  of  hydrogen,  and  the 
whole  solidifies  on  cooling  to  a  crystalline  mass  of  sodium  ethylate 
and  ethylic  acetosodacetate,  CoHgNa03.    The  reaction  is  either 

2(C2H30.0C2H,)  +  2Na  =  CoHgNaOj  +  NaOCgHg  +  H, 

or      3(C2H30.0C2H5)  +  4Na  =  CoHgNaOj  +  3NaOC2H5. 

The  quantity  of  hydrogen  evolved  in  this  reaction  varies  consider- 
ably according  to  the  temperature  and  pressure  under  which  it 
takes  place,  and  the  proportions  of  the  materials  used ;  sometimes 
no  gas  is  evolved,  showing  that  the  reaction  takes  place  according 
to  the  second  equation,  and  under  no  circumstances  yet  observed  is 
the  quantity  of  hydrogen  given  oS,  exactly  eqidvalent  to  the  sodium 
dissolved,  as  it  should  be  if  the  reaction  took  place  entirely  accord- 
ing to  the  fii'st  equation.  It  is  most  probable,  therefore,  that  the 
two  reactions  generally  take  place  together. 

Ethylic  acetosodacetate  (Wanklyn's  sodium-triacetyl)  crys- 
tallises in  shining  scales.    When  treated  with  acetic  acid,  it  is  con- 

verted  into  the  compound  CgHjoOj  or  CO<iQjj^  qq  qq  g;  ,  which 

is  the  ethylic  ether  of  aceto-acetic  acid,  C0-<qjj3_qq  qjj 

derived  from  acetic  acid,  C!0<[qjj',  by  substitution  of  acetyl, 

CH3.CO,  for  one  of  the  hydrogen-atoms  in  the  methyl  group.  This 
acid  is  not  known  in  the  free  state  ;  when  separated  from  its  ether 
by  boiling  with  alkalis  or  acids,  it  is  resolved  into  acetone  and  car- 

bon  dioxide,  C0<gg3_^^^^  ^  CO(CH3)2  -t-  COj. 

The  ethylic  ether,  CgHioOg  (also  called  ethyl-diacetic  acid),  is 
a  liquid  having  an  odour  of  strawberries,  a  specific  gravity  of  1"03, 
and  boiling  at  180'8°.  By  the  action  of  sodium  or  of  sodiiun  ethyl- 
ate,  it  is  converted  into  ethylic  acetosodacetate,  the  compoimd 
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already  mentioned  as  a  direct  product  of  the  action  of  sodium  on 
acetic  ether: 

The  potassium  salt  is  ohtained  in  a  similar  manner.  The  barium 
salt,  (C|;H903)2Ba,  obtained  by  dissolving  the  ether  in  baryta- water, 
is  easily  soluble  in  water.  From  its  solution  the  corresponding 
salts  of  the  heavy  metals  may  be  obtained  by  double  decomposition. 

Methylic  Aceto-acetate,  951^803= C0<gg3^Q^(,jj  ,  ob- 
tained by  the  action  of  sodium  on  methyl  acetate,  &c.,  is  a  colour- 
less, pungent-smelling  liquid,  which  boils  at  170°,  and  has  a  specific 
gravity  of  1-037  at  9°.  It  has  a  faint  acid  reaction,  dissolves  spar- 
mgly  m  water,  freely  in  alcohol  and  ether ;  produces  a  dark-red 
coloration  with  ferric  chloride ;  is  resolved,  by  boiling  with  hydro- 
chloric acid  or  with  alkalis,  into  acetone,  carbon  dioxide,  and  methyl 
akohol.  _  Its  sodium  salt,  CgHyOgNa,  crystallises  in  shining  needles, 
ihe  bamim  salt,  {C^U^Os^Bn,  is  obtained  by  dissolving  the  ether  in 
baryta- water.  Its  aqueous  solution  mixed  with  cupric  acetate  yields 
the  cop2Mr  salt  (C5H703)2Cu  +  2H20  in  green  crystals,  slightly  soluble 
in  water.  j       >    o  j 


treating  the  sodium  derivatives  of  these  aceto-acetic  ethers 
with  the  iodides  of  alcohol  radicles,  new  ethers  are  obtained,  in  which 
tne  sodium  of  the  original  compound  is  replaced  by  an  alcohol- 
radicle,  e.g., 

^<'lk-COAH,+^H3l  =  NaI+CO<gH3^jj^^_^Q^^^jj^ 

„      Etliylic  Y.thy\ic 
acetosoaucetate.  methylacetacctate. 

In  these  last  ethers  an  atom  of  hydrogen  may  also  be  replaced  by 
sofJuim,  by  the  action  of  metallic  sodium  or  of  sodium  ethylate,  pro- 
aueing  compounds  like 

EthyHc  Sodio-methylaceto-acetate,  ^0<^1^^^^^_^q^^^^^  ; 

and  in  these  again  the  sodium  may  be  replaced  by  alcohol-radicles, 
yieldmg,  for  example,  J         i  J 

Ethylic  Methylethyl-aceto-acetate,  CO<^fdH.,)iC,ll,)-CO.fi,H,  . 

Lastly  these  mono-  and  di-substituted  aceto-acetic  ethers,  wlien 
neated  alone,  or  better,  with  sodium  ethylate,  or  with  ethylic  sodio- 
aceto-acetate,  C^U^NtiO,,  are  resolved  into  tlie  group  CJ-Lp  or 
(which,  by  polymerisation,  yields  dchydracetic  acidjCgHgOJ, 
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and  substituted  acetic  ethers,  that  is  to  say,  ethers  of  the  higher 
fatty  acids;  e.g., 

*^*^<CH(CH3)— CO2C2H5  =  CH3— CH2— CO2C2H.  +  CH2CO 


Etliylic  Methylaceto-acetate. 


Ethylic  Methylacetate 
or  Propionate. 


^*^^C0CH3)2— CO2C2H5  =  CH(CH3)2— CO2C2H5  +  CH2CO 


Ethylic  Dimetliyl- 
aceto-acetate. 


Ethylic  Dimethyl-acetate 
or  Isobutyrate. 


This  reactiou  explains  the  direct  production  of  the  ethers  of  the 
higher  fatty  acids  by  tlie  simultaneous  action  of  sodium  and  alco- 
holic radicles  on  acetic  ether  (p.  271). 

The  substituted  ethers  of  aceto-acetic  acid,  heated  with  aqueous 
alkalis,  are  decomposed  in  the  same  manner  as  ethylic  aceto-acetate 
(p.  314),  yielding  various  ketones;  e.g., 

CH3  .CH3 
CO.;:^  +  2K0H  =  CO3K2  +  CoHjOH  +  CO<r 

CHCCHj)— CO2C2H3  "  CH2CH3 

Methyl-acetone. 

C0<  CH, 
C(C2H5)2— CO2C2H5  +  2K0H  =  CO3K,  +  C^HjOH  +  CO^ 

CHCCoHs), 
Diethyl-acetone. 

The  following  table  exhibits  the  boiling  points  and  specific 
gravities  of  these  substituted  acetacetic  ethers,  and  their  reactions 
with  ferric  chloride : 


^°<OH(CH3)-COoCH3 

•^•^^ChICsHs)— CO2CH3 

^°<CH(CH3)-C02C2H, 

^°<C(CIl3)2-C02C2H, 

^°<CH(C2H5)-C02C2H5 

^^<C(C2H,)-C02C2H, 


Boiling  Point. 


177° 
190° 
186° 
184° 
195° 
210°-212 


Spec.  Gravity. 


1-020  at  9° 
0-995  at  14' 

0-991  at  16' 
0-983  at  16' 
0-974  at  0° 


Reaction 
with  Ferric 
CMoride. 


Violet-red. 
Violet-red. 


Blue. 


Isopropylated  acetacetic  ethers  are  obtained  by  treating  the 
acetacetic  ethers  with  sodium  and  isopropyl  iodide. 
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Diatomic  Acids. 


These  acids  contain  two  hydroxyl  groups,  and  are  monobasic  or 
bibasic,  accorduig  as  one  or  both  of  these  hydroxyls  belongs  to  a 
carboxyl  group,  COOH ;  e.g., 


CH,OH 


OOH 

Glycollic  acid, 
l-basic. 


COOH 
I 

COOH 

Oxalic  acid. 
2-basic. 


Some  of  them  are  formed  by  oxidation  (exchange  of  H,  lor  0), 
from  diatomic  alcohols  (glycols),  containing  the  same  number  of 
carbon-atoms,  those  glycols  which  contain  the  group  CHgOH  twice, 
yielding  in  this  manner  two  diatomic  acids,  one  mono-  and  the  other 
hibasic,  while  those  which  contain  this  group  only  once  yield  only 
one  acid,  which  is  monobasic ;  thus  : 


CH, 


CH, 


HOH 


CH2OH 

a-Piopene  glycol. 


CHoOH 
I 

CH, 


yields 


CH2OH 


i: 


HOH 

I 

COOH 

a-Lactic  acid. 


yields 


H2OH 
^-Propene  glycol. 


H, 


COOH 

/3-Lactic  acid. 


and 


COOH 
I 

CHo 
I 

COOH 

Malonic  acid. 


1.  MONOBASIC  ACIDS, 

C„H2n03,orCnHz„<gjQjj^ 

These  acids  are  called  lactic  acids,  after  the  most  important 
member  of  the  series,  and  oxy-fatty  acids,  because  they  may  be 
derived  from  the  acids  CnHznOj  by  substitution  of  OH  for  H; 
thus ; 

CH3.CO2H  CH2OH— CO2H 

Acetic  acid.  Oxyacctlc  acid. 

They  contain  two  hydroxyl  groups,  one  alcoholic  (connected  with 
the  radicle  CnHsn),  and  having  its  hydrogen  replaceable  l^y  mon- 
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atomic  alcohol-radicles,  acid  radicles,  and  alkali-metals ;  the  other 
basic  (connected  with  CO),  and  having  its  hydi-ogen  replaceable  by 
metals  in  general  to  form  salts.  Each  of  them  can,  therefore,  form 
three  ethers,  containing  monatomic  alcohol-radicles,  but  only  one 
series  of  metallic  salts,  except  with  the  alkali- metals,  with  each  of 
which  they  can  form  two  salts.  Of  the  ethers,  one  is  acid  and  the 
other  two  are  neutral;  thua  fromglycoUic  acid,  CHgOH.COOH,  are 
formed : 

CH2OCH3  CH.OH  CH^OCHa 

COOH  '        COOCH3  (ioOCHg 

Methyl-glycollic  Monomethjlic  Dimethylic 

acid.  glycollate.  glycoUate.! 

The  known  members  of  the  series  are  the  following : 
Carbonic  acid,  .         .  CH2O3  C0<q2 


Glycollic  or  Oxyacetic  acid, 

-  ^^s-^COaH 

Lactic  or  Oxypropionic  acid, 

CsHgOg 

_     P  TT  ^OH 

-  ^.a^i^^cOjH 

Oxybutyric  acid, 

C4H8O3 

-  ^3^C<^C02H 

Oxyvaleric  acid, 

C5Hia03 

-  Wtis<^c02H 

Oxycaproic  acid, 

C0H12O3 

—  r"  TT 

-  ^5^10<.CO2H 

and  otliers  containing  7,  9,  and  12  atoms  of  carbon. 

All  those  acids  of  the  series  which  contain  more  than  two  atoms 
ot  carbon  admit  of  isomeric  modiiications.  Of  these  some  are 
analogous  m  structure  to  the  primary  or  secondary  alcohols,  and  are 
called  normal  or  rso-acids,  according  to  the  structure  of  the  alcohol- 
radicles  contained  in  them.  Others  are  analogous  in  structure  to 
the  tertiary  alcohols,  and  are  formed  from  oxalic  acid  or  its  ethers 
by  a  series  of  transformations  to  be  presently  explained. 

They  are  all  monobasic,  as  abeady  observed,  except  carbonic  acid, 
which  IS  bibasic,  its  two  hydroxyl  groujis  being  similarly  related  to 
the  group  CO.    This  acid  will  be  considered  by  itself. 

The  normal  and  iso-lactic  acids  are  formed  bv  the  follo-\ving 
general  processes : 
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1.  By  slow  oxidation  of  the  glycols  iii  contact  with  platinum 
black,  or  by  the  action  of  dilute  nitric  acid ;  e.g., 

/S-Propene  glycol.  /3-Lactic  acid. 

HO-HC<ggjoH  +    0,    =    H,0    +  H0.HC<gH3^jj 

a-Propene  glycol.  a-Lactic  acid. 

2.  By  the  action  of  moist  silver  oxide  on  the  monochlorinated  or 
monobrominated  derivatives  of  the  fatty  acids  (p.  275) ;  e.g., 

CH2CI— COjH    +    AgOH    =    AgCl    +    CH^OH— CO2H 

Chloracetic  acid.  tGlycolIic  ac  . 

3.  From  the  glycolic  chlorhydi-ins  (p.  167),  by  converting  them 
into  cyanides  by  the  action  of  potassium  cyanide,  and  boiling  the 
resulting  cyanides  with  alkalis  or  acids : 

^2^<ckoH    +    C^^K    =    KCl    +  H,C<gg^ojj 

Chlorhydrin.  Cyanhydrin. 

Cyanhydrin.  /3-Lactic  acid. 

4.  By  heating  an  aldehyde  or  a  ketone  with  hydrocyanic  and 
hydrochloric  acid,  whereby  a  cyanhydrin  is  produced,  and  treating 
this  compound  with  acids  or  alkalis  as  above  : 

CH3-CHO    +    CNH    =    CH3— CH<g^ 
Aldehyde. 

CH3-CH<gg    +    2H,0    =    NH3   +  CH3-CH<gJ^ 

tt-Lactic  acid. 

5.  By  the  action  of  nitrous  acid  on  the  amidated  derivatives  of 
the  fatty  acids : 


^Co/h   +   ^O^H    =    H,0   +  +  H,C<ggjj 


Amidncetic  GlycoUic 
acid.  Hcid. 


The  tertiary  lactic  acids  are  represented  by  the  general  formula : 


CnH2n+l-v.  pi^OH 
C„H2n+l-^'"^C00H 


They  are  obtained  in  the  fonn  of  ethers  by  the  action  of  the  zinc- 
compound  of  an  alcohol-radicle,  CnH2n+i,  on  a  neutral  etlier  of 
oxalic  acid  containing  a  radicle  of  the  same  series,  such  as  diethylic 
oxalate.    The  reaction  consists  in  the  replacement  of  an  atom  of 
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oxygen  in  the  oxalic  ether  by  two  equivalents  of  alcohol-radicle, 
and  the  simultaneous  replacement  of  an  equivalent  of  ethyl,  methyl, 
&c.,  in  the  oxalic  ether  by  an  eqiiivalent*  of  zinc,  whereby  an  ether 
of  zinc-diethoxalic  acid,  &c.,  is  produced,  which  bj'  certain  obvious 
transformations  may  be  converted  into  the  required  acid ;  thus : 

0=0— OCH,  (CaHJ^C— OZn' 

i  +  aZn'CHs  =  Zn'OCHa  +  ^| 

0=C— OCH3  -  0=C— OCH3 

Dlmethylic  Methylic 
oxalate.  zinco-diethoxalate. 

(C2H5)2C-OZn'  {C,Il,),C-OB. 
I  +  HOH  =  Zn'OH  +  | 

0=0— OCH3  0=C— OCH3 

Methyl  zinco-  Methylic 
diethoxalate.  diethoxalate. 

The  methylic  diethoxalate  is  easily  decomposed  by  baryta-water, 
yielding  methyl  alcohol  and  barium  diethoxalate  : 

(C2H,)2C-OH  (C2H.),C-0H 
I  +  Ba'OH  =  (CH3)0H  +  \ 

CO2CH3  CO^Ba' 

and  this  salt  decomposed  by  sulphuric  acid  yields  diethoxalic 

C  H  OH 
acid,    c^H^-^^'^CO  H'  isomeric  with  leucic  acid. 

In  the  iirst  stage  of  the  process,  it  is  found  better  to  use  a  mixture 
of  ethyl  iodide  with  metallic  zinc,  which  produces  zinc  ethide, 
instead  of  the  latter  compound  previously  prepared.  The  other 
tertiary  lactic  acids  are  prepared  in  a  similar  manner. 

Reactions. — 1.  All  the  acids  of  the  series,  CnH2n03,  are  reduced  by 
hydriodic  acid  to  the  corresponding  monatomic  H2n02,  e.g., 

lactic  to  propionic  acid  : 

C3H6O3    +    2HI    =    H,0    +    I2    +  CgHA- 

By  the  action  of  phosphorus  pentachloride,  both  their  hydi-oxjd  groups 
are  replaced  by  chlorine;  thus  glycoUic  acid  yields  glycoUyl 
chloride,  or  chloracetyl  chloride,  CH2CI.CO.CI  : 

C^2<co,-a  +  ^^^^^  =  2POCI3  +  2HC1  +  CH2<coci 

GlycoUic  acid.  Glycollyl 

chloride. 

The  chlorine  in  the  group  COCl  of  the  resulting  chlorides  is  easily 
attacked  by  water  and  alcohols,  forming  acids  or  ethers :  chloracetyl 
chloride,  for  example,  yielding  chloracetic  acid,  CH2CI.CO.OH,  or 
its  ethers. 

*  To  simplify  the  equations,  the  equivalent  of  zinc  (Zn'=32-5)  is  used 
instead  of  the  atom  (65). 


GLTOOLLIO  ACID,  321 

2  The  ethers  of  the  tertiary  lactic  acids,  when  treated 
■"r       }^  °^    2<-'«>  are  converted  (by  abstraction  of  H„0)  into 

fn'^'^nn^  nnj}^^^^^'^'  ^P' '-'J-  "^^y^'"  dimethoxakte, 
(01l3;2<-UM— OU2C2H5,  into  ethyhc  methylacrylate, 

gjg>c-co2aH,. 

3.  The  isolactic  acids,  when  deprived  of  the  elements  of  water  bv 
the  action  ot  heat  or  otherwise,  are  converted  into  anhydrides 
which  may  be  of  three  lands.  If  the  elements  of  1  mol.  H,0  are 
removed  partly  from  one  and  partly  from  another  molecule  of' the 
acid,  and  the  two  residues  imite,  the  result  is  an  anhydride  of  the 
tost  order,  differing  m  constitution  and  properties  according  as  the 
two  hyclrogen-atoms  are  taken  from  the  carboxyl-groups,  or  from  the 
alcohohc  hydroxyls;  in  the  former  case,  the  product  is  an  acid 
anhydride;  m  the  latter,  an  alcoholic  anhydride,  or  anhv- 
dro-acid ;  thus :  •'  '  j 

Glycollic  acid  (2  mol.l '  r.i     w      ^  ,  . 

w  uiui.; ,  Glycollic  anhydride. 

TT  p^CO.OH 

H.C<ojj  _  Pj  <COOH 

^2^<C0.0H  H2C<cooH 

niglycoUic  acid. 

If,  on  the  other  hand,  one  molecule  of  water  is  removed  from  one 
molecule  ol  he  acid,  the  remainder  constitutes  an  anhydrid^  of 
the  second  order;  e.g.:  j"-iiiue  ui 


io.OH        -  =  lo>° 

Glycollide. 


Glycollic  acid. 

collie  Ac 

tSir^JnL"' 'Sir^r^^  lee-,  already 


Glycollic  Acid  CHO  -  PP"  mi,-  ■ 

^K,xii,  Ugri^Wj  -  OM2<;^Q  jj._Thi8  acid  is  pro- 


or  alkalis  r.rwX.^^  t-  V  y,  'i^rousaciu;  the  action  ol  water 
e/  bv  boHJ.  '''"'^  chloracetic  acid,  or  their  salts  (p.  275), 

'•9;  by  boilmg  silver  bromacetate  with  water  : 

CaH^BrAgO^  +  11      =  AgBr  +  0^11,0^. 

glyaxyiScFd'f '''''^  '■  °^  ^^^^ 

F0WNE8.— VOL.  ir. 
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+  —  C2H4O3 

Glyoxal.  Glycolllc  acid. 

2C2H2O3     +     H2O     =     C2H2O4     +  C2H4O3 

Glyoxyllic  Oxalic  Glycolllc 

acid.  acid.  acid. 

/3.  Together  with  glyoxal,  glyoxylic  acid,  and  other  products,  by 
the  action  of  nitric  acid  upon  alcohol. 

y.  By  the  action  of  nascent  hydrogen  (evolved  by  zinc  and  sul- 
phuric acid)  upon  oxalic  acid  : 

C2H2O,  +  2H2  =  H2O  +  C2H^03- 

Glycollic  acid  differs  somewhat  in  its  properties,  according  to  the 
manner  in  which  it  is  prepared,  being  sometimes  syrupy  and  im- 
crystallisable,  sometimes  separating  from  its  solution  in  ether  in  large 
regular  crystals.  It  has  a  very  soiu'  taste,  dissolves  easily  in  water, 
alcohol,  and  ether ;  melts  at  78°  or  79°  ;  begins  to  boil  at  100° ; 
decomposes  when  heated  to  above  150°.  All  the  glycollates  are 
more  or  less  soluble  and  crystallisable. 

The  calcium  salt,  (C2H303)2Ca  +  2H20,  is  slightlv  soluble  in  cold 
water,  aad  crystallises  m  needles.  The  silver  salt,  CjHgOgAg  +  ^HaO, 
is  also  sparingly  soluble.  The  ethylic  ether,  C2H303'C,H5,  is  a  Liquid 
having  a  specific  gravity  of  1-03,  and  boiling  at  150°."" 

Acid  and  Alcoholic  Derivatives  of  Glycollic  Acid. — The  alcoholic 
hydrogen  of  glycolUc  acid  may  be  replaced  either  by  acid  or  by 
alcoholic  radicles.  The  acid  derivatives  are  formed  :  «.  By  heating 
glycoUic  acid  with  monatomic  acids  : 

CH2OH.CO2H    +    C2H3O.OH     =    H2O    +  CH2<gg2H30 

Glycollic  acid.  Acetic  acid.  AcetoglycoUic 

acid. 

/3.  By  the  action  of  the  alkaU-salts  of  monatomic  acids  on  ethylic 

monochloracetate  : 

CH2CI-GO2C2H,    +    C,H,O.OK    =   KCl   +  CH2<g§^g«^ 

^'Sate'°"  Potassium  BenzoglycoUic 

Benzoate.  acid. 

The  alcohoKc  derivatives  are  formed  by  the  action  of  socUum 
alcoholates  on  chloracetic  acid  : 

CH2Cl-C02Na    +    C2H,0Na    =    NaCl    +  CH,<gg2H5 

Chloracetate.  Ethylate.  Ethyl-glycollate. 

Metlwfi-ghjcoUicad^^  -boils  at  198°;  cthyl-glycollic 

acid,  CHgOCgHg.GOgH,  at  206°.  Both  are  permanent  in  the  air,  and 
are  not  decomposed  by  boUiug  with  alkalis. 

^7Jiy(^ncgs^— Diglyc  ollic  acid,  C^llfi.^  =  SCgHA  -  H2O  = 
^*^CH2— COOH '        called  Paramalic  acid.— This  acid,  isomeric 
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with  malic  acid,  aad  related  to  glycoUic  acid  in  the  same  manner  as 
diethenic  alcohol  to  glycol,  is  produced  by  the  dehydration  of 
glycoUic  acid,  and  by  the  oxidation  of  diethenic  or  triethenic  alcohol 
It  13  also  formed  in  the  preparation  of  glycoUic  acid  by  heatino^ 
sodium  chloracetate  with  caustic  soda,  which  in  fact  is  the  process 
by  which  it  was  first  obtained  : 

C2H3CIO3    +    2NaH0    =    NaCl    +    H.,0    +  CoH.NaO^ 

collate. 

C.HgClO^     +     C^HgNaOg     =      NaCl     +  C,H,0, 

Chlora^etic  Sodium  DiglycoUic 

"'="1  glycoUate.  acid. 

acid  crystallises  in  large  rhombic  prisms,  melting  at 
150  ,  and  distiUmg  with  slight  decomposition  at  250°  ;  easily  soluble 
in  water  and  in  alcohol ;  not  decomposed  by  boiling  with  alkaUs. 
f«  u  AF'rf'^^*^'  -^^^^^S  with  univalent  metals,  acid  salts  containing 
UM-M  U3,  and  normal  salts,  CJI^MJd. ;  with  bivalent  metals  it 
soluble"'      """^^^  ^^"^  calcimn  salt  is  very 

GlycoUic  Anhydride,  C,H A  =  0<gg-gg'^g| ,  obtained 
by  e.xposing  the  acid  for  a  few  days  to  the  vapourl  of  sulphuric 
anHyclride,  is  a  lustreless  powder,  melting  at  128°-130° ;  insoluble 
in  alcohol,  ether  and  cold  water ;  boiling  water  reconverts  it  into 
giycollic  acid  and  dissolves  it. 

CH 

Glycollide,  G^lif),^  =  0<^\    ^,  is  formed  by  heating  giycollic 

.  ^  CO 
acid  to  150^.    It  is  a  white,  amorphous  powder,  melting  at  180°, 
msoluble  m  cold  water,  reconverted  into  giycollic  acid  by  boUing 
CH^OH-CONH '""^  ammonia  it    yields  glycoUamide^ 

Lactic  or  Oxypropionic  Acids,  G33.,0,  =  Q^^^<^ 
—Of  these  acids  there  are  two  isomeric  modifications,  viz.  : 
9^3  CH„OH 

CHOH  Arr 

-Luetic  or  fl-Liictic  or 

Ethldene-lactic  acldS  Etlicne-lacLlc  acid. 

1.  Ethidene-lactic  or  Isolactio  Acid,  HOHC<^q'''jj  ,  is  the 
ordinary  lactic  acid  produced  by  a  peculiar  fermentation  of 
sugar  and  other  carbohydrates,  hence  <^oXl>il  fermmtation-lactic  add 
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It  is  also  produced  by  the  first,  second,  fourth,  and  fifth  of  the 
general  reactions  already  mentioned  {-p.  319),  viz.,  by  oxidation 
ss-propene-glycol ;  by  the  action  of  moist  silver  oxide  on  «-chloro- 
propionic  acid ;  by  the  action  of  hydrocyanic  and  hydrochloric 
acid  on  aldehyde  ;  and  by  that  of  nitrous  acid  on  a-amidopropionic 
acid  (alanine) ;  and  lastly,  by  the  action  of  nascent  hydrogen  on 
pyruvic  >acid  : 

<CHo  CHo 
I    "  I 
CH        +     H2     =  CH.OH. 

I  I 
CO2H  CO2H 

Prepa/ration  of  ordinary  Lactic  Acid  by  Fermentation. — Various 
lands  of  sugur  and  dextrin,  when  subjected  to  the  action  of  parti- 
cular ferments,  are  converted  into  lactic  acid,  the  change  consist- 
ing in  a  resolution  of  the  molecule,  preceded  in  some  cases  by  the 
assumption  of  the  elements  of  water  : 

Glucose.  Lactic  acid. 

O12H22OU     +     H2O      =  4C3Hg03 

Milk  sugar.  Lactic  acid. 

This  lactous  fermentation  requires  a  temperature  between  20°  and 
40°  C.  (58°  and  104°  F.),  and  the  presence  of  water  and  certain 
ferinents — viz.,  albuminous  substances  in  a  peculiar  state  of  decom- 
position, such  as  casein,  glutin,  or  animal  membranes,  especially 
the  coating  of  the  stomach  of  the  caK  (rennet),  or  of  the  dog,  or 
bladder.    According  to  Pasteur  and  others,  it  depends  upon  the 
presence  of  a  peculiar  fungus,  Penicilliwn  glaucum  (p.  130).  The 
following  is  a  good  method  for  preparing  the  acid  in  considerable 
quantity  ;— 2  gallons  of  milk  are  mLxed  with  6  pounds  of  raw 
sugar,  12  pints  of  water,  8  ounces  of  putrid  cheese,  and  4  pounds  of 
chalk,  which  should  be  mixed  up  to  a  creamy  consistence  with 
some  of  the  liquid.    This  mi.vture  is  exposed  in  a  loosely  covered 
jar  to  a  temperature  of  about  86°  F.  (30°  C),  Math  occasional  stir- 
rmg.    The  use  of  the  chalk  is  to  neutralise  the  lactic  acid,  which 
would  otherwise  coagulate  the  casein,  render  it  insoluble,  and 
thereby  put  a  stop  to  the  process.    At  the  end  of  tM-o  or  three 
weeks  it  will  be  found  converted  into  a  semi-solid  mass  of  calcium 
lactate,  which  may  be  drained,  pressed,  and  purilied  bv  re-crystal- 
lisation from  water.    The  lactate  may  be  decomposed  b'v  the  neces- 
sary quantity  of  pure  oxalic  acid,  the  filtered  liquor' neutralised 
with  zinc  carbonate,  and,  after  a  second  filtration,  evaporated 
until  the  zinc- salt  crystallises  out  in  cooling.    If,  in  the  first  part 
of  the  process,  the  solid  calcium  lactate  be  not  removed  at  the 
proper  time  from  the  fermenting  liquid,  it  will  gradually  redis- 
solve  and  disappear,  being  converted  into  soluble  butyrate  (p.  291). 
An  im<poi-tant  modifijcatiou  of  this  process  consists  'in  employing 
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commercial  ziac-white  instead  of  powdered  chalk,  which  yields  at 
once  difficultly  soluble  zinc  lactate,  easily  pmilied  hy  recrystallisa- 
tion.  ihe  zmc  lactate  may,  histly,  be  redissolved  in  water  and 
decomposed  by  sulphuretted  hycU'ogen,  in  order  to  obtain  the  free 
acid.  logether  with  the  lactic  acid  a  certain  quantity  of  mannite 
IS  mvariably  formed.  This  is  separated  by  agitating  the  con- 
centrated aqueous  solution  with  ether,  in  wliich  the  lactic  acid 
alone  is  soluble. 

Lactic  acid  may  be  extracted  from  a  great  variety  of  liquids 
containing  decomposing  organic  matter,  as  sauerJcraut,  a  preparation 
of  white  cabbage,  the  sour  liquor  of  the  starch-maker,  &c. 
_  Solution  of  lactic  acid  may  be  concentrated  in  the  vacuum  of  the 
aor-pump,  over  a  surface  of  oil  of  vitriol,  until  it  appears  as  a 
colourless,  syrupy  liquid,  of  sp.  gr.  1-215.  It  has  an  intensely  sour 
taste  and  acid  reaction  :  it  is  hygroscopic,  and  very  soluble  in  water, 
alcohol,  and  ether. 

By  prolonged  evaporation  over  sulphuric  acid  it  is  partly  re- 
solved in  water  and  anhydride,  and  by  distillation  it  spUts  up  into 
lactuie,  OgH^Uj,  aldehyde,  carbon  monoxide,  and  water. 

-By  oxidation  with  chromic  acid  mixture  lactic  acid  yields  formic 
and  acetic  acids.  Boiled  with  dilute  nitric  acid,  or  with  dioxide  of 
lead  or  barium,  it  is  converted  into  oxalic  acid.  Distilled  with  dilute 
sulphuric  acid  and  dioxide  of  lead  or  manganese,  it  yields  a  larae 
quantity  of  aldehyde,  together  with  carbon  cUoxide.  Hydriodic 
acid,_or  a  mixture  of  phosphorus  tetriodide  and  water,  reduces  it  to 
propionic  acid,  with  liberation  of  iodine  : 

C3HBO3    +    SHI    =    C3H0O2    +    HoO    +  I3. 

By  heatuig  with  hyclrobromic  acid  it  is  converted  into  «-bromo- 
propionic  acid  : 

GH3-CH(0H)-C0,H  +  HBr  =  H,0  +  CH3-CHBr-C0,H. 

Lactates.— The  best  defined  of  these  salts  are  represented  by  the 
o  mulre  M'C3H,03  and  M;(C3H,03)  Barium  and  calciui/also 
orm  acid  lactates,  e.g   Ca{CsJifi,),.2d,Rfi,.    The  lactates  are,  for 

the  most  part  sparingly  soluble  in  cold  water,  and  effloresce  rapidly 
rom  their  solutions :  they  are  all  insoluble  in  ether.  When  heated 
utn  excess  ot  strong  sulphuric  acid,  they  give  off  a  large  quantity 

<n  pure  carbon  monoxide.  o    i  j 

Sodium  lactate,  C,Hfi,,-Na  =  CH,~CR<:'^^ ^  obtained  by 
neutralising  the  acid  with  sodium  carbonate,  is  an  amorphous  mass, 
wmch,  when  I'eated  with  metallic  sodium  is  converted  into  disodic 
lactate,  CH3<[^q''^^,  the  alcoholic  hydrogen  being  likewise  re- 
placed by  sodium. 

Oakmm  lactate,  (C3H503)„Ca  +  5H20 ,  is  obtained  in  the  fermenta- 
tion process  abjve  describecl,  or  I)y  Ijoiling  aqueous  lactic  acid  with 
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calcmin  carbonate.  It  dissolves  in  9-5  parts  of  water  at  ordinary 
temperatures. — Zinc  lactate,  (C3H503)2Zn  +  SHjO.,  gives  ofl'  its  water 
qnickly  at  100°,  dissolves  in  6  parts  of  boiling  water,  in  5-8  parts  of 
cold  water,  and  is  nearly  insoluble  in  alcohol. — Ferrous  lactate  is 
precipitated  in  small  yellowish  needles  on  mixing  ammonium  lactate 
with  ferrous  chloride  or  sulphate. — Ferric  lactate  is  a  brown  deli- 
quescent mass. 

Lactic  Ethers. — Lactic  acid,  like  the  other  members  of  the 
group,  can  form  three  different  ethers  containing  the  same  univalent 
alcohol-radicle,  according  as  the  alcoholic  or  the  basic  hydrogen- 
atom,  or  both,  are  replaced ;  thus : 

CgH.OH       CsH.OCgHg       C^H.OH  C^-EfiC^B., 
COOH         COOH  ioOCoHg  COOCgHj 

Lactic  acid.         Ethyl-lactic  Monethylic      Diethylie  lactate, 

acid.  lactate.         or  ethylic  ethyl- 

lactate. 

_  Monethylic  lactate,  CaH^Og.CgHf;,  is  produced  by  distilling  potas- 
sium or  sodium  lactate  with  potassium  ethylsulphate.  It  is  a  syrupy 
liquid,  boiling  at  176°.    Potassium  dissolves  in  it,  with  evolution 

CaH^OK 

of  hydrogen,  forming  ethylic  potassiolactate,  |  . — 

cooaHj 

Ethyl-lactic  acid,  C2H^(OC2ll5)— COgH,  is  obtained  as  a  potassium  or 
calciiun  salt  by  decomposing  diethylie  lactate  with  potash  or  milk 
of  lime.  When  separated  from  these  salts  by  sulphuric  acid,  it 
forms  a  viscid  liquid,  boiling  -ndth  partial  decomposition  between 
195°  and  198°.— Diethylie  lactate,  C2H4(OC2H,)— COsaHg,  is  pro- 
duced by  the  action  ol  ethyl-iodide  on  ethyl'  potassiolactate,  and 
by  that  of  sodium  ethylate  on  ethyl  chloroin-opionate : 

C2H4CI-COC2H5  +  NaOC2H5  =  NaCl  -1-  C2Hi(OC2H5)-C02C,H5 

Ethyl  chloropro-  Sodium  Diethylie 

pionate.  ethylate.  lactate. 

Methyl-lactic  acid,  03115(0113)03,  and  its  zinc  and  silver  salts  have 
also  been  obtained. 

The  alcoholic  hydrogen  of  lactic  acid  may  also  be  replaced  by 
acid  radicles,  forming  such  compounds  as  acetolactic  acid, 
O  TT  ^OCjHaO 

Lactyl  Cliloride,  O3H4OOI2,  or  cc-Chloropropionyl  Chloride, 
C2H4CI— 0001,  is  obtained,  together  wdth  phosphorus  oxychloride, 
by  gently  heating  a  mixture  of  calcium  lactate  -with  phos])horus 
pentachloride.  It  is  a  colourless  liquid,  boiling  above  100°,  and 
decomposed  by  water,  forming  hydrochloric  and  chloropropionic 
acids.  With  alcohol  it  forms  ethylic  «-chloropropionate.  By 
heating  with  alkalis  it  is  converted  into  lactic  acid. 
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Lactic  Anhydrides.— 1.  Dilactic  acid,  CVH,„0,  =  2CH0 

—^20=       n°  XnxT         -TT  '  heating  lactic  acid  to 

 Oil — 002x1 

130'-200°,  is  an  amorphous  mass,  very  bitter,  and  nearly  in- 
soluble in  water,  but  reconverted  into  lactic  acid  by  prolonoed  boil- 
ing with  water.  ° 

2.  Lactide,C3H402  =  HC;— CH3,  the  second  anhydride  of  lactic 

acid,  is  o))tauied  by  distillation  of  lactic  or  dilactic  acid,  and  may  be 
obtained  pure  by  evaporatmg  the  distillate,  washing  the  residue 
with  cold  alcohol,  and  crystallising  it  from  hot  alcohol.  Lactide 
thus  pimfied  crystallises  in  rhombic  plates  which  melt  at  107° :  it 
dissolves  gradually  in  water. 

Paralactic  or  Sarcolactic  acid,  is  a  modification  of  lactic  acid, 
existing  in  the  annual  organism,  especially  in  muscular  flesh 
froni  which  it  may  be  extracted  by  cold  water  or  dilute  alcohol' 
It  IS  most  easily  prepared  from  Liebig's  extract  of  meat.  It  agrees 
m  aU  Its  reactions  with  fermentation  lactic  acid,  and  must  therefore 
have  the  same  chemical  structure— that  is  to  say,  it  must  be  an 
ethidene-lactic  acid— but  it  differs  from  ordinary  lactic  acid  in  its 
relation  to  polarised  light,  inasmuch  as  it  turns  the  plane  of 
polarisation  to  the  left,  whereas  ordinary  lactic  acid  is  oi^tically 
inactive.  Hence  it  is  inferred  that  the  two  modifications,  though 
chemically  identical,  differ  from  one  another  in  physical  structure  ; 
in  other  words,  that  the  difference  between  them  consists,  not  in  the 
arrangement  of  the  atoms  within  the  molecules,  but  in  the  arrano-e- 
ment  or  modification  of  the  molecules  amongst  themselves.  There 
are  other  cases  of  difference  in  physical  character  coexisting  with 
chemical  identity,  which  are  attributed  to  a  similar  difference  of 
physical  structure,  as  in  the  several  modifications  of  turpentine  oil. 

Some  of  the  paralactates  differ  from  the  ordinary  lactates  in  solu- 
bility and  other  characters;  thus: 


Calcium  Salts. 


Zinc  Salts. 


Lactate. 


(C3H,03)2Ca  +  5H20;  nod- 
ular groups  of  needles, 
soluble  in  9-5  parts  of 
cold  water. 

(^^'stWO^Zn  +  SHjO;  slen- 
der needles,  soluble  in 
58  parts  of  cold  water. 


Paralactate. 


-f  4H2O ;  soluble  in 
12  parts  of  cold 
water. 


+  2H2O ;  thick  shin- 
ing prisms,  soluble 
in  17  parts  of  water 
at  15°. 


328 


FATTY  GROUP:  DIATOMIC  AND  MONOBASIC  ACIDS. 


Paralactic  acid  heated  to  130°,  yields  dilactic  acid,  convertible  by 
water  into  ordinary  lactic  acid. 

CH2— OH 

2.  Ethene-lactic  or  Hydracrylic  Acid,  |  . — This 


CH2— CO2H 

acid  is  produced  by  heating  /3-iodopropionic  acid  with  moist  silver  ox- 
ide ;  CH2I-  CH2— CO2H  +  AgOH  =  Agl  +  CH2OH— CH2— CO2H. 
It  is  a  thick  iiucrystallisable  syrup,  which,  when  heated  alone  or 
boiled  with  sulphuric  acid  diluted  with  an  equal  weight  of  water, 
is  converted  by  dehydration  into  acrylic  acid : 

CH2— OH  CH, 

I  -    H2O    =  II 

CHg— CO2H  CH— CO2H . 

By  heating  with  hydriodic  acid,  it  is  reconverted  into  /3-iodopro- 
pionic acid ;  by  oxidation  with  chromic  acid  mixture,  or  nitric  acid, 
it  yields  oxalic  acid  and  carbon  dioxide.  When  heated  with  silver 
oxide  it  is  converted  into  carbacetoxylic  acid,  C^H^O^ . 

The  metallic  hydracrylates  are  crystallisable.  The  sodium  salt, 
C3H503Na,  crystallises  in  flat  prisms,  which  melt  without  loss  of 
weight  at  142°-148°,  but  give  oft'  water  at  150°,  leaving  sodium  acry- 
late,  CjHgOaNa.  The  calcium  salt,  (C3H.03)2Ca-t-2H20,  forms  large 
rhombic  prisms,  which  give  off  their  water  of  crystallisation  at  100°. 
The  dehydrated  salt  unites  without  alteration  at  140°-145°  but  at 
190°  it  gives  off  water,  and  is  converted  into  acrylate,  (C3H503).,Ca 
-2H20  =  (C3H302)2Ca.  The  zinc  salt,  (C3H503)2Zn -f  4H2O,  ci^s- 
talhses  from  a  moderately  strong  solution  in  large  shiuiag  prisms, 
soluble  in  an  equal  weight  of  water  at  15°.* 

*  According  to  Wislicenus  (Liebig's  Annalen,  clxv.  6),  hydracrj'lic  acid 
prepared  from  ^-iodopropionic  acid  is  not  identical  -with  ethene-lactic  acid 
prepared  by  combining  etliene  with  carbonyl  chloride  (phosgene),  and  decom- 
posing the  resulting  compound  with  water  : 

CHs  CH,C1 

II       -f    COCL,    =  ' 

CH2  -  CH2.COCI 

CHoCl  CH.,.OH 
and  I  -I-    2H.,0      =    2HC1     +  | 

CH,.C0C1  -  CH„.COOH 

The  ethene-lactic  acid  thus  obtained  is  converted  by  oxidation  with  chromic 
acid  or  nitric  acid  into  malonic  acid,  COOH— CH„— COOII,  whereas  hydra- 
crylic acid,  as  above  stated,  is  resolved  thereby  into  oxalic  acid  and  carbon 
dioxide.  Moreover,  the  salts  of  hydracrylic  acid  are  crvstalline,  whereas 
those  of  ethene-lactic  acid  arearaoj  phous.  To  account  for  these  differences, 
Wislicenus  assigns  to  hydracrylic  acid  the  formula,  CH.OH— COH-  CHOH, 

I— 0—1 

and  corresponding  fornuilaj  to  /3-iodopropionic  acid  and  acrylic  acid.  These 
formute,  however,  are  somewhat  improbable,  as  they  do  not  contain  the 
group  COOH ;  moreover,  the  formation  of  ethene-lactic  acid  from  ethene  in 
the  manner  described  by  Wislicenus  does  not  appear  to  be  well  established. 
(See  Watts's  Dictionary  of  Cheuustry,  2nd  Suppl.,  718). 
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Oxybutyric  Acids,  C,He03  =  C3H,<gJ^pj  .-Fiv^e  of  these 

acids  are  tlieoretically  possible,  and  foiu'  are  tnown. 

l.  »-Ozybutyric  acid,  CH3-CH,— CHOH— CO^H,  is  formed  by 
heating  «-bromobutyric  acid  with  moist  silver  oxide,  or  with 
aqueous  potash.  It  is  crystalline,  very  deliquescent,  and  melts  at 
48  -44  .  Its  salts  are  crystalline,  the  zinc-salt,  (CMMXZn, 
lornung  white  laminte,  slightly  soluble  in  cold  water. 

2  13-Oxybutyric  acid,  CH3— CHOH— CH,— CO„H,  is  produced 
by  boihng  /3-bromobutyric  acid  with  silver  oxide:  by  the  action  of 
sodium  amalagam  on  ethylic  aceto-acetate : 

CO<c|.CO,C,H,  +  =    CH0H<gg3  COAH, ' 

by  the  oxidation  of  aldol,  CH,— CHOH— CHg— CHO  (p.  258) ;  and 
apparently  also  by  heating  propene-chlorhydrin,CH3.CHOH.CH,Cl, 
with  potassium  cyanide,  whereby  it  is  converted  into  the  cor- 
respondmg  cyanhydrin,  and  saponifying  the  latter  with  potash. 

acid  is  an  nncrystallisable  syrup;  the  calcium  salt, 
{Citi^Os)^Ca,  crystallises  with  difficulty.  The  acid  obtained  from 
propene-chlorhydrin  is  resolved  by  distillation  into  water  and  solid 
crotonic  acid,  CH3— CH=CH— COjH. 

n^-  fX^^^y^'^^y^'^'^  or    Normal    Oxyhutyric  acid, 

p^^OH— ^'H2— CHg—COgH,   is   prepared  from    succinic  acid, 

4.  OxyisobuUjric  acid,  ^^^-^COR—CO^li ,  is  produced: 

».  By  the  action  of  hydrocyanic  and  hydrochloric  acids  on  acetone : 
hence  called  acetonic  acid  : 

gjg>CO    +   HCN  =  gjg>COH-CN. 
gjg>CO  -CN  +  m,0  =  NH3  +gjg>COH-COOH. 

f'  QAK^  l^^^^  oxalate  by  the  action  of  methyl  iodide  and  zinc 
(p.  .305):  hence  called  diniethyloxalic  acid.  y.  From  bromiso- 
butync  acid,  (CH3)2CBr— CO^H,  by  boiling  with  baryta-water. 
«•  -tiy  oxidation  of  isopentene  glycol  (p.  177). 


yxyisobutyric  acid  crystallises  in  slender  prisms,  soluble  in  water 
T?  ^v'^^'  siiWimes  at  50°,  melts  at  79°,  and  distils  at  212". 
Its  ethylic  ether,  treated  with  phosphorus  trichloride,  is  converted 
into  ethylic  methylacrylate : 
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By  oxidation  with  du'oiuic  acid  mixture,  oxyisobutyric  acid  is 
resolved  into  carbon  dioxide  and  acetone.  Its  barium  salt, 
(C4Hj,0,)2Ba,  forms  sliiaing  needles,  easily  soluble  in  water.  The 
zinc  salt,  (C4Hj03)2Zn  +  2H20,  crystallises  in  shining  six-sided 
prisms  or  tables,  sparingly  soluble  in  cold  water. 

Oxyvaleric  Acids,  C^TI^qO^  =  C4Hg<^Q  jj.— 1.  u-Oxyiso- 

valeric  or  Isopropyl-hydroxalic  acid,  jj  C'^^-'^"~-^^"^CO  H ' 

— This  acid,  prepared  from  the  corresponding  bromovaleric  acid, 
forms  large  tabular  crystals,  easily  soluble  in  water,  melting  at  80°, 
and  volatilising  at  about  100°.  Wlien  oxidised  Math  chi-omic  acid 
mixture,  it  yields  carbon  dioxide  and  isobutyric  acid. 

The  ethylic  ether  of  this  acid  is  formed,  together  with  that  of 
oxyisocaprylic  acid  {infra),  by  the  action  of  isopropyl  iodide  and 
zinc  on  ethylic  oxalate,  and  may  be  obtained  by  evaporating  the 
potash-solution  used  in  the  preparation  of  oxyisocaprj-Lic  acid, 
acidulating  with  sulphuric  acid,  agitating  with  ether  and  evaporat- 
ing the  ethereal  solution.  The  oxyisovaleric  acid  then  remains  as  a' 
thick  liquid  which  solidifies  in  the  exsiccator. 

2.  M ethyl- ethyloxalic  acid,  h'c  >  C!<CO  H  '  ol^tained  by 
the  action  of  a  mixture  of  methylic  and  ethylic  iodide  and  zinc  on 
ethyl  oxalate,  forms  white  crystals,  easily  soluble  in  water,  and  melt- 
ing at  6.3°.  Its  ethylic  ether  is  soluble  in  water,  boils  at  165°,  and 
IS  converted  by  phosphorus  trichloride  into  the  ethylic  ether  of 
methyl-crotonic  acid. 

Oxycaproic    Acids,  C,Tl,,0^  =  Q,B^,,<^^-^.-\.  Leucie 

aci(Z  propably  cc-Oxycajiroic  acid,  C4H9— CHOH— COoH,  is  pro- 
ducect  by  the  action  of  nitrous  acid  on  leucine  or  amidocaproic  acid 
(see  Amides)  It  forms  needles  or  mouoclinic  prisms,  soluble  in 
Tnno^''  wi!     l''^^^^  J^elting  at  about  73°,  and  volatilising  at 

lUU  .  When  heated  for  some  time  at  that  temperature,  it  gives  off 
water,  and  leaves  a  syruj^y  oxide  or  anhydride.  It  forms  crystal- 
isable  salts  analogous  to  the  lactates:  the  zmc  salt  crystaUises  in 
shining  scales. 

2.  Diethyloxalic  acid,  {O^B.,\Q<:^^ ,  formed  by  the  action 
of  ethyl  iodide  and  zinc  on  ethylic  oxalate,  is  crystalline,  easily  solu- 
ble in  water  and  ether,  melts  at  74-5°,  and  sublimes  at  about  50% 
Its  methylic  ether  boils  at  165°,  and  is  converted  by  the  action  of 
phosphorus  trichloride  into  methylic  ethylcrotonate  (p.  310). 
1  He  tree  acid,  oxidised  by  chromic  acid  mixture,  vields  diethyl- 
ketone,  CO(C2H6).  '  • 
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Oxyisoheptoic  or  Amylhydroxalic  Acid,  C.}i^fi.^  = 
^'\>^<COr,R'  Diamyl-oxalic   Acid,  Ci2H.,03  = 

C^h"'^  C  "^C0,H  '  formed  hy  the  action  of  zinc  and  isopentyl 
iodide  on  ethylic  oxalate.  The  former  is  a  thick  syrup  ;  its  ethylic 
ether  boils  at  203°.  The  latter  crystallises  in  silky  needles,  is  nearly 
insoluble  in  water,  and  melts  at  122°.   Its  ethylic  ether  boils  at  262°. 

Oxyisocaprylic  or  Di-isopropyloxalic  Acid,  CoH,pOo 
OH 

=  (C3Hj.)2C<;qq  jj  ,  obtained  by  the  action  of  isopropyl  iodide  and 

zinc  on  ethylic  oxalate,  forms  slender  needles,  slightly  soluble  in 
water,  melts  at  110°-111°,  and  sublimes  at  a  moderate  heat. 


OH 

Carbonic  Acid,  CH2O3  =  CO<;q g  . — This  acid  belongs  to  the 

lactic  series,  so  far  as  its  constitution  is  concerned,  being  derived 

OH 

from  the  unknown  methene  glycol,  CH2-<qjj  ,  by  substitution  of  0 

for  Ho ;  but  it  differs  from  all  the  other  acids  of  the  series  in  being 
bibasic,  both  the  hydroxyl  groups  contained  in  it  being  immediately 
connected  with  an  atom  of  oxygen,  so  that  either  of  the  hydrogen- 
atoms  may  be  regarded  as  belonging  to  the  group  COgH. 

Carbonic  acid  itself,  or  hydrogen  carbonate,  is  not  Icnown,  inas- 
much as  when  a  metallic  carbonate  is  decomposed  by  a  stronger 
acid,  the  hydrogen  carbonate,  CHgOg,  always  splits  up  into  water 
and  carbon  dioxide,  which  escapes  as  gas.  The  corresponding  sul- 
phur compound,  C'H2S3,  is,  however,  obtained  as  an  oily  liquid 
when  a  metallic  thio-carbonate  is  decomposed  by  an  acid  (i.  219). 

With  the  alkali-metals  carbonic  acid  forms  acid  and  normal  or 
neutral  salts,  according  as  one  or  both  of  the  hydrogen-atoms  are 
replaced ;  e.g. : 

Acid  sodium  carbonate,    CHNaO,,  or  C0<^^^ 
Normal  sodium  carbonate,  CNa203,  or  C0(0Na)2 . 

With  dyad-metals,  carbonic  acid  forms  only  normal  salts,  CM'-'Og, 
and  basic  salts ;  the  so-called  acid  carbonates  of  barium,  calcium, 
&c.,  are  known  only  in  solution,  and  are,  in  fact,  merely  solutions 
of  neiitral  carbonates  in  aqueous  carbonic  acid,  which  give  off  car- 
bon dioxide  on  boiling.  The  basic  carbonates  of  dyad  metals  may 
be  viewed  as  compounds  of  normal  carbonates  with  metallic  oxides 
or  hydrates;  for  example,  slaked  lime,  produced  hy  exposing 
quicklime  to  moist  air,  has  the  composition  of  a  dicalcic  carbonate, 
Ca0.C'aC03.aq.  ;  and  native  green  copper  carbonate,  or  malachite, 
consists  of  CuO.CuCOj -j-  HjO.  These  basic  carbonates  may,  however, 
be  viewed  in  another  way,  namely,  as  derived  from  a  tetratomic 
carbonic  acid,  or  ortho-carbonic  acid,  CH4O4  or  C(0H)4,  analo- 
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gous  to  methane  and  carbon  tetracMoride  ;  thus,  dicalcic  carbonate 
=  CCa204  +  H20;  malachite  =  CCU2O4  +  H2O. 

With  metals  of  higher  atomicity,  carbonic  acid  does  not  form 
definite  salts. 

Carbonic  Ethers. — The  only  carbonic  ethers  knowTi  are  those 
in  which  the  two  hydi'ogen-atoms  of  carbonic  acid  are  replaced 
either  by  two  equivalents  of  a  monad  alcohol-radicle,  or  by  one 
equivalent  of  a  monad  alcohol-radicle  and  one  equivalent  of  metal. 

Ethyl  carbonate  (02115)2003,  is  formed  by  the  action  of  ethyl 
iodide  on  silver  carbonate  : 

Ag2003  +  2C2H,I  =  2AgI  +  {G,Tl,)Gjd, ; 
alsobytheactionof  potassium  or  sodiumon ethyl  oxalate,(C2H.)20„04 ; 
this  reaction  is  not  quite  understood,  but  it  amounts  to  the  removal 
of  carbon  monoxide,  or  carbonyl,00,from  theoxalic  ether.  Fragments 
of  potassium  or  sodium  are  dropped  into  oxalic  ether  as  long  as  gas  is 
disengaged  :  the  brown  pasty  product  is  then  mixed  with  water  and  dis- 
tilled. The  carbonic  ether  is  foimd  floating  upon  the  surface  of  the 
water  of  the  receiver  as  a  colourless,  limpid  liquid  of  aromatic  odour 
and  burning  taste.  It  boils  at  125°  degrees,  and  is  decomposed  by  an 
alcoholic  solution  of  potash  into  potassium  cai-bonate  and  alcohol. 
By  chlorine  in  diffused  daylight  it  is  converted  into  diclilorethyl  car- 
bonate, (02113012)2003,  and  in  sunshine  into  pentachlorethyl  carbonate, 
(^2015)2003 . 

Ethyl-potassium  carbo7iate  (02H5)K003,  is  produced  by  passing 
carbonic  acid  gas  into  a  cooled  solution  of  potassium  hydroxide  in 
absolute  alcohol : 

C2H8O  +  KHO  +  CO,  =  H2O  +  (02H5)K003. 

It  is  a  white  nacreous  salt,  decomposed  by  water  into  potassium 
carbonate,  and  alcohol. 

Ethyl-methyl  carbonate,  (02H5)(CH3)003,  is  obtained  by  distilling 
a  mixture  of  ethyl-potassium  sulphate  and  methyl-potassium  car- 
bonate : 

(02H5)K.S04  -f  (OH3)K.003  =  K2SO4  +  (02H5)(CH3).C03. 

Methyl-barium  carbonate,  (OH3)2Ba(C03)2,  is  obtained  as  a  white 
precipitate  by  passing  carbonic  acid  gas  into  a  solution  of  baryta 
in  methyl  alcohol. 

Oarbonates  of  butyl,  amyl,  and  allyl,  analogous  in  composition  to 
ethyl  carbonate,  have  also  been  obtained.  Fhenyl-hydrogen  car- 
bonate, or  acid  phenyl  carbonate,  (OeH5)H003,  is  identical  with 
salicylic  acid,  which  will  be  described  further  on. 

Ethyl  orthocarbonate  0(002115)4,  is  produced  by  heating  a  mix- 
ture of  chloropicrin  (trichloro-nitromethane)  with  absolute  alcohol 
and  sodium : 

0(N02)Ol3      4Na002H5  =  3Na01  -f-  NaNO^  +  C(002H5)4 

Chloropicrin.  Sodium  Sodium  Sodium  Ethvl-orflio- 

ethylate.  cliloridc.  nitrite.  carbonate. 

It  is  a  colourless  oil,  boiling  at  158'°-15D°. 


THIOCARBONIC  ETHERS. 
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THIOCARBONIC  or  SuLPHOCARBONic  Ethers.— These  are  bodies 
having  the  composition  of  carbonic  ethers  in  which  the  oxycren  is 
replaced,  wholly  or  partly,  by  sulphur.  The  following  table  exhibits 
their  names  and  formulas,  the  ethyl  and  ethene  compounds  beino- 
taken  as  examples  : 

Ethyl-monothiocarbonic  acid,     .       .       .  (C2H,)H.C0  S . 

Diethylic  monothiocarbonate,    .       .       .  (C,H.),.CO,S^. 

Ethyl-dithiocarbonic  or  Xanthic  acid,       .  (C2H!)1T.c6s'2 

Diethylic  dithiocarbonate,         .       .       .  (C2H5),.COS2 . 

Ethyl-trithiocarbonic  acid, ....  (C^H  )H.CS 

Diethylic  trithiocarbonate, .       .       .       .  (C!^H5)2.CS3  f " 

Ethene  dithiocarbonate,     ....  (C2H4).''COSo' 

Ethene  trithiocarbonate,    ....  (C2H4)CS3 

The  metallic  salts  of  the  acid  thiocarbonic  ethers  are  pro- 
duced in_  the  same  manner  as  those  of  the  carbonic  ethers  :  thus 
carbon  dioxide  unites  with  potassium  sulphethylate  (mercaptide), 
to  form  potassium  ethylmonothiocarbonate,  just  as  it  unites  with 
potassium  ethylate  to  form  the  ethylcarbonate  ;  and,  in  like 
manner,  carbon  bisulphide  acts  on  potassium  ethylate  or  alcoholic 
potash,  so  as  to  form  potassium  ethyldithiocarbonate ;  and  on 
potassium  mercaptide,  or  an  alcoholic  solution  of  the  sulphhydrate 
so  as  to  form  the  ethyltrithiocarbonate,  thus :  ' 

CO,  +  (C2H,)K0  =  (aH,)KC03  Ethylcarbonate. 

CO2  +  (C2H5)KS  =  (C2H,)KC02S  Ethylmonothiocarbonate. 

C&2  +  (C2H,,)K0  =  (C2Hg)KCOS2  Ethyldithiocarbonate. 

CS2  +  (C^HJKS  =  (C2H5)KCS3  Ethyltrithiocarbonate. 

The  neutral  thiocarbonic  ethers  (containing  monatomic 
alcohol-radicles)  are  produced  by  the  action  of  the  chlorides 
bromides,  &c.,  of  alcohol-radicles  on  the  metallic  salts  of  the  corre- 
sponding acid  ethers  ;  e.g.  : 

(C2Hs)KCS3  +  C2H5CI  =  KCl  +  (0^,083. 
The  thiocarbonic  ethers  of  diatomic  alcohol-radicles  are  formed 
by  the  action  oi  diatomic  alcoholic  bromides,  iodides,  &c.,  on  sodium 
tniocarbonate  ;  e.g.: 

C^U^Br^  +  m^CS^  =  2NaBr  -f-  (C2H„)CS3 . 

The  neutral  thiocarbonic  ethers  are  oily  liquids;  so  likewise  are 
the  acid  ethers,  such  at  least  as  are  known  in  the  free  state,  or  as 
hydrogen  salts;  their  metallic  salts  are  mostly  crystalline.  The 
Dest  known  of  these  compounds  are  the  ethyl-dith'iocarbonates 
or  xanthates. 

To  prepare  xanthic  acid,  alcohol  of  0-800  specific  gravity  is 
saturated,  whilst  boiling,  with  potasli,  and  into  this  solution  carbon 
Disnlphide  is  dropped  till  it  ceases  to  be  dissolved,  or  until  the 
uquid  loses  its  alkalinity.  On  cooling  the  whole  to  -18°,  the 
potassium-salt  separates  in  the  form  of  bi-illiaut,  slender,  colourless 
prisms,  which  must  be  quickly  pressed  between  folds  of  bibulous 
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paper,  and  dried  in  a  vacuum.  It  is  freely  soluble  in  water  and 
alcohol,  but  insoluble  in  ether,  and  is  gradually  destroyed  by 
exposure  to  air,  by  oxidation  of  part  of  the  sulphur.  Xanthic  acid 
may  be  prepared  by  decomposing  this  salt  with  dilute  sulphuric  or 
hydrochloric  acid.  It  is  a  colourless,  oily  liquid,  heavier  than  water, 
of  powerful  and  peculiar  odour,  and  very  comlDUstible :  it  reddens 
litmus-paper,  and  ultimately  bleaches  it.  Exposed  to  gentle  heat 
(about  24°),  it  is  decomposed  into  alcohol  and  carbon  bisulphide. 
Exposed  to  the  air,  or  kept  beneath  the  siu'face  of  water  open  to 
the  air,  it  becomes  covered  with  a  whitish  crust,  and  is  gradually 
destroyed.  The  xanthates  of  the  alkali-metals  and  of  barium  are 
colourless  and  crystallisable ;  the  calcium  salt  dries  up  to  a  gummy 
mass ;  the  xanthates  of  zinc,  lead,  and  mercury  are  white,  and  but 
slightly  soluble ;  that  of  copper  is  a  flocculeut,  insoluble  substance, 
of  beautiful  yellow  colour. 

Etliylic  clithiocarbonate  or  Xanthic  ether,  (C2H5)2.COS2,  obtained 
by  the  action  of  ethyl  chloride  on  potassium  xanthate,  is  a  pale- 
yellow  oil,  boiling  at  200°,  insoluble  in  water,  soluble  in  all  pro- 
portions of  alcohol  or  ether.    Ammonia-gas  passed  into  its  alcoholic 

SC  IT 

solution  forms  mercaptan  and  a  crystalline  substance,  CIO<^-jq-j|  »  , 
called  xanthamide: 


Amyl  dithiocarbonate,  C0(SCr,Hji)2,  treated  in  like  manner,  yields 
amylxanthamide,   C0<|r9f^ii . 


Chlorocarbonic  Ethers,  CO2CIR  or  CO<q^  ,  [E,  de- 
noting a  monatomic  alcohol-radicle.]— These  compounds,  derived 
from  carbonic  ethers,  C0(0R)2,  by  substitution  of  CI  for  one  of  the 
groups  OR,  are  formed  by  the  action  of  carbonyl  chloride  (phos- 
gene) on  the  alcohols ;  e.g. : 


Methyl  chlorocarbonate,  CO^C^GR^),  is  a  colourless  mobile  oil, 
heavier  and  more  volatile  than  water,  having  a  pungent  odour,  and 
burning  with  a  greenish  flame.  Gaseous  ammonia  converts  it  into 
methyl  carbamate  (urethane) : 


Ethyl  chlorocarbonate,  C02C1(0C2H5),  is  also  a  colourless,  very 
mobile  liquid,  the  vapour  of  which"  is  very  irritating  to  the  eyes. 
Specific  gravity  1-139  at  13°.  Boding  point,  94°.  It  is  very  inflam- 
mable, burns  with  a  green  flame,  is  decomposed  by  hot  water,  and 
quickly  converted  by  ammonia  into  etliyl  carbamate. 


CO<^J  +  HOCH3  =  HCl  -I-  C0< 


•CI 

•OCH3  • 


<^C><0CH3  +  =  HCl  -f  C0<, 


DIATOMIC  AOIDS,  CnH^n.^O^. 
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These  acids  coatain  the  group,  CO.,H,  twice,  and  must  there- 
iore  contain  foiu  atoms  of  oxygen.  They  may  all  be  included  in 
the  general  formula,  R"(C02H)2,— R  denoting  a  diatomic  hydro- 
carbon-radicle —or  they  may  be  regarded  as  compounds  of  oxv- 
genated^rtKlides  whh  two  equivalents  of  hydroxyl,  e.g.,  succinic 


l.-Oxalic  or  Succinic  Series,  CnHsn-sOi,  or  CnH2„<^'g-gg 
The  known  acids  of  this  series  are  : 


Oxalic  acid,   .  . 
Malonic  acid, 
Succinic  acid,  . 
Pyrotartaric  acid, 
Adipic  acid,  .  . 


Pimelic  acid, 
Suberic  acid, 
Anchoic  acid, 
Sebic  acid,  . 
Roccellic  acid, 


riv^colTRW^'o^^f'lr^-,  °f  corresponding 

giycols  R  (CH  0H)3  the  change  consisting  in  the  substitution  of 
U2  tor  H  (p.  267).  In  this  manner  oxalic  acid,  CoH,0„  is  formed 
from  ethene  alcohol^  C,H„0„  and  malonic  add  ^H.O,  f^m 
/3-propene  alcohol,  Q,U,0,;  but  all  the  known  glycols  of  higher  OKler 
split  up  under  the  influence  of  oxidising  agents,  and  do  not  yield 
bibasic  acids  containing  the  same  number  of  carbon-atoms  as  them- 

2  By  oxidation  of  the  oxyfatty  adds,  CHznOa,  in  which  the 
hydroxyl-group  is  directly  attached  to  the  group  CH^;  e.g.: 


CH,.OH 


i< 


JO.OH 

Glycollic  noid. 


+ 


0„ 


CO.OH 


i, 


JO.OH 

Oxalic  acid. 


+  H,0 


or  MidJ:^°'^°^      cyano-derivativea  of  the  fatty  acids  with  alkalis 


CH„.CN 


Cyiimicctio 
acid. 


+     2H,0     =     NH3     -I-  CH,< 


CO2H 
•CO,H 


Malonic 
ucid. 


alctholic  potclilif-  ^}g   °y'^"i'^^es  of  diatomic  aloohol-radiclea  with 

cyanide  rotasslum 

pyroturtrnto. 
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This  reaction  is  analogous  to  that  hy  which  the  fatty  acids  are 
formed  from  the  cyanides  of  the  .monatomic  alcohol-radicles, 
C„H2n+l  (p.  270). 

5.  By  the  addition  of  hydrogen  to  other  acids  containing  a 
smaller  proportion  of  that  element ;  in  this  manner  succinic  acid, 
C4Hg04,  is  formed  from  fumaric  acid,  C^H^O^. 

6.  By  the  action  of  heat  on  acids  of  more  complicated  structure ; 
e.g. : 

2CJI,0g    =    3CO2    +    2H2O    +  C,^Rfi^ 

Taitaric  PjTOtar- 
acid.  taric  acid. 

7.  Many  of  these  acids  are  produced  hy  the  action  of  powerful 
oxidisers  on  a  variety  of  organic  bodies :  thus,  succinic,  adipic, 
pimelic,  suberic,  and  anchoic  acids  are  produced  by  treating  various 
fatty  and  resinous  bodies  with  nitric  acid. 

The  acids  of  this  series  are  solid,  crystaUisable,  non-volatile  bodies, 
for  the  most  part  easily  soluble  in  water,  and  having  a  strong  acid 
reaction.  Being  bibasic,  they  form  acid  and  neutral  salts,  and  acid 
and  neutral  ether;  thus : 

p  XT  ^CO.OH  p  „  ^CO.OC2H5  .p  -p-  ^co.oaH, 
'-2^4<^CO.OH         ^a^i'^^CO.OH  ^^^i^CO.OC^Hs 

Succinic  acid.  Etliyl-succinlc  Die.thylic 

acid.  succinate. 

In  like  manner,  each  acid  can  form  an  acid  amide  or  amic  acid, 
and  a  neutral  amide  or  diamide  by  substitution  of  amidogen,  NHj, 
■  for  one  or  both  of  the  hydroxyl  groups,  also  a  neutral  imide  by 
substitution  of  the  bivalent-radicle  imidogen,  NH,  for  both  these 
groups  together ;  thus : 

Q  jj  ^CO.NH^  ^CO.NH,         p  „  ^CO^,,^ 

'-2ii4<k.co.OH  ^2ii4<co.NH2  C2H4<qq>NH 

Succinamic  Succinatnide.  Succinimide. 

acid. 

These  bibasic  acids,  when  heated,  give  oflF  their  water,  and  yield 
anhydrides  which,  when  boiled  with  water,  are  reconverted  into  the 
acids : 

•  C2H,<gg:gg    +    C2H,<gg>0    -t-  H2O. 

The  anhydrides  are  also  produced  by  treating  the  acids  M-ith 
phosphorous  pentachloride  : 

C2H4<caOH  +  =  PCI3O  +  2HC1  +  C2H,<gg>0. 

With  excess  of  phosphorus  pentachloride,  acid  chlorides  or 
chloranhydrides  are  produced ;  thus : 

^^^^<CO:OH  +  2PC1,  =  2PCI3O  -f  2HC1  +  C,H,<gg;g;. 


OXALIO  ACID. 
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COOH 

Oxalic  Acid,  C2H2O,  =  I  =  (C202)"(OH)2.-Tliis  im- 

COOH 

portant  acid  exists  ready  formed  in  many  plants  as  a  potassium  or 
calcium-salt,  and  is  produced  by  the  oxidation  of  a  great  variety  of 
organic  compounds.  In  some  cases  the  reaction  consists  in  a  definite 
substitution  of  oxygen  for  hydrogen;  thus  oxalic  acid  is  formed 
from  ethene  alcohol,  C^H^O^,  by  substitution  of  for  H^,  and  from 
ethyl  alcohol,  C.^Rf-O,  by  the  same  substitution  and  further  addition 
of  one  atom  of  oxygen.  But  in  most  cases  the  reaction  is  more 
complex,  consisting  in  a  complete  breaking  up  of  the  molecule. 
In  this  manner  oxalic  acid  is  produced  iu  great  abundance  from 
more  highly  carbonised  organic  substances,  such  as  sugar,  starch, 
cellulose,  &c.,  by  the  action  of  nitric  acid,  or  by  fusion  with  caustic 
alkalis. 

Oxalic  acid  is  also  produced :  «.  As  a  sodium  or  potassium  salt 
by  direct  combination  of  the  alkali-metal  with  carbon  dioxide : 
2CO2  +  Na^  =  CaO^Naj. 

The  sodium  salt  is  obtained  by  passmg  carbon  dioxide  over  a  heated 
mixture  of  sodium  and  sand  ;  the  potassium-salt  by  heating  potas- 
sium-amalgam in  the  gas.* 

/3.  Aa  an  ammonium  salt,  together  with  other  products,  in  the 
decomposition  of  cyanogen  by  water  : 

C2N2  +  4R,0  =  C2(NH,)20,  . 

7  As  a  potassium  salt  by  heatiug  potassium  formate  with  excess 
of  potash  : 

2CHKO2  =  C^KA  +  H;,. 
Preparation— I.  By  the  oxidation  of  sugar  with  nitric  acid  : 
C12H22OU  +        =  eC^HjO,  +  511,0. 

One  part  of  sugar  is  gently  heated  in  a  retort  with  5  parts  of 
nitric  acid  of  sp.  gr.  1-42,  diluted  with  twice  its  weight  of  water; 
copious  red  fumes  are  then  disengaged,  and  the  oxidation  of  the 
sugar  proceeds  with  violence  and  rapidity.  When  the  action 
Blackens,  heat  may  be  again  applied  to  the  vessel,  and  the 'liquid 
concentrated  by  distilling  off  the  superfluous  nitric  acid,  until  it 
deposits  crystals  on  cooling.  These  are  drained,  redissolved  in  a 
small  ciuantity  of  hot  water,  and  the  solution  is  set  aside  to  cool. 

2.  By  heating  sawdust  with  caustic  alkali.  Many  years  ago, 
Uay-Lussac  observed  that  wood  and  several  other  organic  sub- 
stances were  converted  into  oxalic  acid  by  fusion  with  caustic 
potash.  Upon  this  oliservation,  Messrs.  Robyrts,  Dale,  &  Co.  have 
lounded  a  method  for  the  preparation  of  oxalic  acid,  wliich  fur- 
nishes this  acid  at  a  mucli  cheaper  rate  t.han  any  other  pro- 
cess.   A  mixed  solution  of  the  hydrates  of  sodium  aiid  potassium, 

*  Kolbe  and  Drechsel,  Chera.  Soc.  Journal  [2],  vi.  121. 
FOWNHS.— VOL.  II.  Y 
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in  the  proportion  of  two  molecules  of  the  former  to  one  of  the 
hitter,  is  evaporated  to  about  r35  sp.  gr.,  and  then  mixed  with  saw- 
dust, so  as  to  form  a  thick  paste,  which  is  placed  in  thin  layers  on 
ii'on  plates.  The  mixture  is  now  gradually  heated,  care  being  taten 
to  heep  it  constantly  stirred.  The  action  of  heat  expels  a  quantity 
of  water,  and  the  mass  intumesces  strongly,  with  disengagement  of 
much  inflammable  gas,  consisting  of  hj'drogen  and  carburetted 
hydrogen.  The  mixture  is  now  kept  for  some  hours  at  a  tempera- 
tm'e  of  400°  F.  (204°  C),  care  being  taken  to  avoid  charring,  which 
would  cause  a  loss  of  oxalic  acid.  The  product  thus  obtained  is  a 
grey  powder ;  it  is  now  treated  Avith  water  at  about  60°  F.  (15-5°  C), 
which  leaves  the  sodium  oxalate  imdissolved.  The  supernatant 
liquid  is  drawn  off,  evaporated  to  dryness,  and  heated  in  fiu-naces  to 
recover  the  alkalis,  which  are  caustified  and  used  for  a  new  opera- 
tion. The  sodium  oxalate  is  washed  and  decomposed  by  boiling 
with  slaked  lime,  and  the  resulting  calcium  oxalate  is  decom- 
posed by  means  of  sulphvu'ic  acid.  The  liquid  decanted  from  the 
calcium  sulphate  is  evaporated  to  crystallisation  in  leaden  vessels, 
and  the  crystals  are  purified  by  re-crystallisation. 

Oxalic  acid  separates  from  a  hot  solution  in  colomless,  tran.spa- 
rent  crystals  derived  from  an  oblique  rhombic  piism,  and  consisting 
of  C2H2O4.2H2O.  The  two  molecules  of  crystallisation-water  may 
be  expelled  by  a  very  gentle  heat,  the  crystals  crumbling  down  to 
a  soft  white  powder,  consisting  of  anhydrous  oxalic  acid,  CjHjO^, 
which  may  be  sublimed  in  great  measure  Mnthout  decomjjosition. 
The  crystallised  acid,  on  the  contrary,  is  decomposed  by  a  high 
temperature  into  formic  acid,  carbon  monoxide,  and  carbon  dioxide, 
without  leaving  any  solid  residue : 

2C2H2O,  =  CH2O2  +  CO  +  2CO2  +  HoO. 

The  crystals  of  oxalic  acid  dissolve  in  S  parts  of  water  at  15-o°, 
and  in  then-  own  weight,  or  less,  of  hot  water  :  they  are  also  soluble 
in  spirit.  The  aqueous  solution  has  an  intensely  sour  taste  and 
mo.st  powerful  acid  reaction,  and  is  highly  poisonous.  The  proper 
antidote  is  chalk  or  magnesia.  OxaUc  acid  is  decomposed  by  hot 
oil  of  vitriol  into  a  mixtm-e  of  carbon  monoxide  and  carbon  dio.xide : 
it  is  slowly  converted  into  carbonic  acid  by  nitric  acid,  whence 
arises  a  considerable  loss  in  the  process  of  manufacture  from  sugar. 
The  dioxides  of  lead  and  manganese  effect  the  same  change, 
becoming  reduced  to  monoxides,  which  form  salts  with  the  imaltered 
acid. 

Oxalates. — Oxalic  acid,  like  other  bibasic  acids,  fomis  with 
mouatomic  metals,  neutral  or  normal  salts  containing  C2M.,04,  and 
acid  salts,  C2HMO4.  -With  ]5otassiaim  and  ammonium  it  likewise 
forms  hyper-acid  salts,  e.g.,  C2HKO4.C0H2OJ,  or  C4H3KO..  With 
most  diatomic  metals  it  forms  only  neutral  salts,  CoM"04 ;  with 
barium  and  strontium,  however,  it  forms  acid  salts  analogous  to 
the  hyper-acid  oxalates  of  the  alkali-mutals.    It  also  forms  muiie- 


rous  well-crystallised  double  salts.  It  is  one  of  the  stronc/est  acids 
decomposing  dry  sodium  chloride  when  heated,  with  evolution  of 
hydrochloric  acid,  and  converting  sodium  chloride  or  nitrate  in 
aqueous  solution  into  acid  oxalate. 

The  oxalates  of  the  alkali-metals  are  soluble  in  water;  the  rest  are 
for  the  most  part  insoluble  in  water,  but  soluble  in  dilute  acids 

All  oxalates  are  decomposed  by  heat.  The  oxalates  of  the  alkal i- 
metals,  and  also  of  the  alkaline  earth-metals,  if  not  too  strono-ly 
heated,  give  off  carbon  monoxide  and  leave  carbonates,  while  the 
oxalates  of  those  metals  whose  carbonates  are  decomposed  by  heat 
(zinc  and  magnesium,  for  example)  give  off  carbon  monoxide  and 
carbon  dioxide,  and  leave  metallic  oxides.  The  oxalates  of  tht 
more  easily  reducible  metals  (silver  and  copper,  &c.),  give  off  carbon 
dioxide  and  leave  the  metal;  the  lead- salt  leaves  suboxide  of  lead 
and  gives  off  3  volumes  of  carbon  dioxide  to  1  volume  of  carbon 
monoxide : 

ac^Pbo,  =  Pb^o  +  3C0,  +  CO. 

Oxalates  heated  with  sulphuric  acid  give  off  carbon  mono'^ide 
and  dioxide,  and  leave  a  residue  of  sulphate.  In  this  case,  as  well 
as  in  the  decomposition  by  heat  alone,  no  separation  of  carbon  takes 
place  and  consequently  the  residue  does  not  blacken :  this  chara-- 
ter  distinguishes  the  o.valates  from  the  salts  of  aU  other  carbon 
acids. 

Oxalic  acid  and  the  soluble  oxalates  give  with  calcium  chloride  a 
precipitate  of  calcium  oxalate,  insoluble  in  water  and  in  acetic  acid, 
but  soluble  in  hydrochloric  and  nitric  acid.  This  reaction  affords 
a  very  delicate  test  for  the  presence  of  oxalic  acid:  the  insolubilitv 
ot  the  precipitated  oxalate  in  acetic  acid  distinguishes  it  at  once 
Irom  the  phosphate. 

b™;?'i-'  OxALATES_.-Thene«<mZ  scdt,  C,K,0,,2  aq.,  prepared 
by  neutralising  oxalic  acid  with  potassium  carbonate,  crystallises  in 
transparent  rhombic  prisms,  which  become  opaque  and  anhydrous 

rtn  Z  bfi  ^'^-J  ^^^'''^^^^f^  'lulled  Scclt  of  Sorrel,  from  its  occur- 

a,Mo,ella,  and  in  garden  rhubarb,  associated  with  malic  acid.  It  is 
easily  prepared  by  dividing  a  solution  of  oxalic  acid  in  hot  water 
into  two  erpial  portions,  neutralising  one  with  potassium  carbr.nate, 
aiid  adding  the  other:  the  salt  crystallises,  on  cooling,  in  colourless 
rhombic  prisms.  The  crystals  have  a  sour  taste,  and  recpiire  40 
pai  ts  ol  cold,  and  6  of  boiling  water  for  solution.  A  solution  of  this 
sa  t  IS  often  used  for  removing  ink  from  paper.  The  hypcr-acid 
oxidate  or  ciuadroxalate,  C.,HK0.,C,H,0„.2a.i:,  is  preparc<l  by  satur- 
ating 1  part  0  oxahc  acid  with  potassium  carbonate,  and  addin- 
M  parts  of  oxa  ic  acid.  The  crystals  are  triclinic,  and  dissolve  in 
20  parts  ot  water  at  20°. 

Hodixvm  oxalate,  C.,Na,0,„  is  slightly  soluble  and  didicult  to  crys- 
tallise.  The  acid  salt,  C^HNaO,,  forms  crystals  which  l  e.klen  litmus. 
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Ammonium  Oxalates. — The  neutral  salt,  C2(NH^)204  +  2aq.,  is 
prepared  by  neutralising  a  hot  solution  of  oxalic  acid  with  ammo- 
nium carbonate.  It  crystallises  in  long,  colourless,  rhombic  prisms, 
Avhich  effloresce  in  dry  air.  They  are  not  very  soluble  in  cold  water, 
but  dissolve  freely  with  the  aid  of  heat. 

The  dry  salt,  when  heated  in  a  retort,  gives  off  water,  and  yields 
a  sublimate  of  oxamide  :* 

(C202)(ONH,)2     =     2H2O     +  (Cfi,)(NR^)2 

Ammonium  oxalate.  Oxamide. 

When  distilled  with  phosphoric  oxide,  it  gives  up  four  molecules 
of  water,  and  yields  a  considerable  quantity  of  cyanogen, 
C2(NH4)204  -  4H2O  =  2CN.  Other  products  are,  however,  formed 
at  the  same  time. 

Acid  ammonium  oxalate,  or  binoxalate,  C2H(NH4)04-l-aq.,  is  still 
less  soluble  than  the  neutral  salt.  When  heated  in  an  oil-bath  to 
232°,  it  loses  one  molecule  of  water,  and  yields  oxamic  acid, 
C2H3NO3,  or  (C202)(0H)(NH2),  and  other  products. 

Calcium  Oxalate,  C2Ca04-|-4aq. — This  salt  occurs  in  the  juice  of 
most  plants,  and  separates  out  towards  the  end  of  the  growing  season 
in  microscopic  octohedral  crystals  ;  it  is  also  a  frequent  constituent 
of  urinary  deposits  and  calculi.  It  is  formed  whenever  oxalic  acid 
or  an  oxalate  is  added  to  a  soluble  calcium-salt ;  it  falls  as  a  white 
powder,  which  acquires  density  by  boiling,  and  is  but  little  soluble 
in  dilute  hydrochloric,  and  quite  insoluble  in  acetic  acid.  Nitric 
acid  dissol^^es  it  easily.  When  dried  at  100°,  it  retaius  a  molecule 
of  water,  which  may  be  driven  off  by  a  rather  higher  temperatiu'e. 
Exposed  to  a  red  heat  in  a  close  vessel,  it  is  converted  into  calcium 
carbonate,  with  escape  of  carbon  moQOxide. 

The  oxalates  of  barium,  zinc,  manganese,  copper,  nickel,  cobalt,  and 
ferrous  oxalate,  are  nearly  insoluble  ia  water :  magnesium  oxalate  is 
sparingly  solutjle  :  ferric  oxalate  is  freely  soluble. — Potassio-chromic 
oxalate,  KgCr (0204)3-1- 3  aq.,  prepared  by  dissolving  in  hot  water  1 
part  of  potassium  bichi'omate,  2  parts  of  potassium  binoxalate,  and 
2  parts  of  crystalUsed  oxalic  acid,  is  one  of  the  most  beautiful  salts 
known.  The  crystals  appear  black  by  reflected  light,  from  the 
intensity  of  their  colour,  which  is  pure  deep  blue :  they  are  very 
soluble.  A  corresponding  potassio-ferric  oxalate  has  been  formed : 
it  crystallises  freely,  and  has  a  fine  green  colour. 

Ethyl  Oxalates. — The  neutral  oxalate,  or  Oxalic  ether, 
C204( 0^115)2  =  0202(002115)2,  is  most  easily  obtained  by  distiQing 
together  4  parts  of  potassium  binoxalate,  5  parts  of  oil  of  vitriol, 
and  4  parts  of  strong  alcohol.  The  distillation  may  he  pushed  neai'ly 
to  dryness,  and  the  receiver  kept  warm,  to  dissipate  any  ethyl 
oxide  that  may  be  formed.  The  product  is  mixed  ynih.  water,  by 
which  the  oxalic  ether  is  separated  from  the  undecomiJosed  spirit : 
it  is  repeatedly  washed  to  remove  adhering  acid,  and  re-distUled  in 
*  See  the  Cliapter  ou  Amides. 
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a  small  retort,  the  first  portion  being  collected  apart  and  refected 
Another  very  simple  process  consists  in  digesting  equal  parts  of 
alcohol  and  dehydrated  oxalic  acid  in  a  flask  furnished  with  a  Ion" 
glass  tube  m  which  the  volatilised  spirit  may  condense  After  six 
or  eight  hours'  digestion,  the  mixture  generally  contains  only  traces 
ot  imethenfied  oxalic  acid. 

Piu-e  oxalic  ether  is  a  colourless,  oily  liquid,  of  pleasant  aromatic 
odour,  and  1-09  specific  gi-avity.    It  boils  at  183-8°,  is  but  little 
soluble  m  water,  and  is  readUy  decomposed  by  caustic  alkalis  into  a 
metallic  oxalate  and  alcohol.    With  solution  of  ammonia  in  excess 
It  yields  oxamide  and  alcohol ;  thus  : 

(Gfi,){OC,-H,),  +  2NH3  =  2(HOC2H5)  +  (Gfi,)(NR.^,. 

'Tti^  is  the  best  process  for  preparing  oxamide. 

When  dry  gaseous  ammonia  is  conducted  into  a  vessel  containing 
oxahc  ether,  the  gas  is  rapidly  absorbed,  and  a  white  solid  substance 
produced  which  is  soluble  in  hot  alcohol,  and  separates  on  cooling 
m  colourless,  transparent,  scaly  crystals.  They  dissolve  in  watei^ 
and  are  both  fusible  and  volatile.  This  substance  is  oxamethane 
the  ethylic  ether  of  oxamic  acid:* 

(00^5)2  +  NH3  =  ■HOC2H5  +  C202(NH2)(OC2H,) . 

The  same  substance  is  formed  when  ammonia  in  smaU  quantity  is 
added  to  a  solution  of  oxalic  ether  in  alcohol. 

When  oxalic  ether  is  treated  with  excess  of  dry  chlorine  in  sun- 
shine, a  white,  colourless,  crystalline,  fusible  body  is  produced 
insoluble  m  water,  and  instantly  decomposed  by  alcohol.  It  con- 
sists of  perchlorethylic  oxalate,  CgCLoO^,  or  (C^CUaO,,  or 
cUoiine    '  °^        fiydrogen  il  replaced  by 

Ethyl  oxalate  is  converted  by  potassium  or  sodium  into  ethyl 
carbonate  with  eyoluti^on  of  carbon  monoxide  :  C,(C,H,),0,i 
M'"2J^5;2^3  +  '-'J  ;  but  the  reaction  is  complicated  by  the  formation 
ot  several  other  products. 

When  ethyl  oxalate  is  agitated  with  sodium  amalgam  in  a  vessel 
externally  cooled  a  product  is  obtained  which  is  separated  by 
ether  into  a  soluble  and  an  insoluble  portion,  the  latter  consisting 
ot  ternientable  sugar,  together  with  sodium  oxalate,  and  at  least 
one  other  soduim-salt,  while  the  ethereal  solution  yields,  by  spon- 
taneous evaporation,  crystals  having  the  composition  C;.h' 0„, 
and  consiBtmg  of  the  ethylic  ether  of  a  tribasic  acid,  CV,H,0;,  called 
aeoxalic  acid,  because  it  is  produced  by  deoxidation  of  oxalic 
acid  :  5C2H20,H-5H2  =  2C,H„08-)-4H,0  ;  and  racemocarbonic 
acid,  because  it  contains  the  elements  of  racemic  acid,  C,,H,Op,  and 
carbon  dioxide,  CO^,  and  is  resolved  into  those  two  compounds 
wuen  Its  aqueous  solution  is  heated  in  a  sealed  tube  with  a  small 


*  See  the  Chapter  on  Am  ides. 
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quantity  of  sulphuric  acid.  Tlie  decomposition  of  ethylic  oxalate 
hy  sodium  amalgam  lias  not  teen  completely  investigated,  but  the 
formation  of  deoxalic  acid  and  glucose  may  be  represented  by  the 
equation  : 

SC^^H^O^  +  I4H2  =  2C,Ho08  +  CgHiaOg  +  IOH2O  . 

Ethyl  oxalate,  treated  with  zinc-ethyl,  and  afterwards  with  water, 
yields  the  ethylic  ether  of  diethoxalic  acid,  €2112(02115)203,  and 
similar  products  with  zinc-methyl  and  zinc-amyl  (p.  305). 

Acid  ethyl   oxalate,  or   Ethyloxalic    acid,    CgH (0,115)04,  or 
00  TT 

*-'2*-*2'<^Qjj  ^  J  obtained  as  a  potassium-salt  by  adding  to  a  solu- 
tion of  neutral  ethyl  oxalate  in  absolute  alcohol,  a  quantity  of 
alcoholic  potash  less  than  sufficient  to  convert  the  whole  into 
potassium  oxalate  and  alcohol ;  oh  dissolving  this  salt  in  hydrated 
alcohol,  carefully  saturating  with  sidphuric  acid,  and  neutralising 
with  carbonate  of  lead  or  barium,  the  ethyloxalate  of  lead  or 
barium  is  obtained. — The  acid  itself  is  prepared  by  decomposing 
either  of  these  salts  with  sulphuric  acid;  but  it  is  very  unstable, 
and  is  decomposed  by  concentration  into  alcohol  and  oxalic  acid. 

00  H 

The  potassium  salt,  C202<Cqj^"  °  ,  forms  crystalline  scales,  which 
begin  to  decompose  towards  100°. 

Methyl  Oxalate,  C2(GH3)204,  or  C202(OOH3)2,  is  easily  prepared 
by  distilling  a  mixtiire  of  equal  weights  of  oxalic  acid,  wood-spirit, 
and  oil  of  vitriol.  A  spirituous  liquid  collects  in  the  receiver,  which, 
when  exposed  to  the  air,  quickly  evaporates,  leaving  the  methyl 
oxalate  in  the  form  of  rhombic,  transparent,  crystalline  plates,  which 
may  be  purified  by  pressure  between  folds  of  bibulous  paper,  and 
redistilled  from  a  little  oxide  of  lead.  The  jDroduct  is  colourless, 
and  has  the  odour  of  ethyl  oxalate  ;  it  melts  at  51°,  and  boils  at  lfil°; 
dissolves  freely  in  alcohol  and  wood-spirit,  also  in  water,  which, 
however,  rapidly  decomposes  it,  especially  when  hot,  into  oxalic  acid 
and  wood-spirit.  The  alkaline  hydrates  effect  the  same  change  even 
more  easily.  Solution  of  ammonia  converts  it  into  oxamide  and 
methyl  alcohol.  With  dry  animoniacal  gas  it  yields  methyl  oxamate^ 

or  oxamethylane,  ^-f^i^QQ-^  5  ^  white,  solid  substance,  which 

crystallises  from  alcohol  in  pearly  cubes. 

,OCHs 

Ethenb  Oxalate,  C204(CoH4),  or  (C,0.,)(C2H402)  =  C,0,<:    |  , 

"  "  "  "\00H,. 

appears  to  be  formed  by  the  action  of  ethene  bromide  on  silver 
oxalate. 
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Closely  related  to  oxalic  acid  are  glyoxylic  acid,  CjHoOg,  and 
glyoxal,  CjHjOo,  which  maybe  regarded  as  aldehydic  derivatives 
of  oxalic  acid  or  of  glycol : 

CO.OH  COH  COH  CH„OH 

i  I  I  I 

CO.OH  COOH         COH  CHjOH 

Oxalic  Glyoxylic         Glyoxal.  Glycol, 

acid.  acid. 

Both  are  formed  as  intermediate  products  in  the  oxidation  of  glycot 
and  are  converted  by  fiu'ther  oxidation  into  oxalic  acid  (see  Alde 
HTDES,  p.  256). 

Halonic  Acid,  CgH^O^  =  <co'h  -—This  acid  is 
formed :  1.  By  gradual  oxidation  of  /3-propene  glycol : 

C«^<cS§g    +    O2    =    2H,0    +  CH,<CO.H^ 
also  by  oxidation  of  propene  and  allylene. 

2.  By  oxidising  malic  acid  with  chromic  acid  mixtm'e  : 

CH2.C0.,H  CO^H 

I  I 
CHOH         +02    =    CO2    +    H2O    +  CHj 

CO2H  CO2H 

3.  By  decomposition  of  barbituric  acid  (Malonjl-urea  :  see 
Amides). 

4.  Synthetically  by  the  action  of  alkalis  on  cyanacetic  acid, 
better,  on  its  ethylic  ether : 

^^^<CO,K      +  =    NH3    +  CH2<gg2H_ 

Ethylic  monochloracetate  is  heated  with  solution  of  potassiuij. 
cyanide,  and  the  product  is  boiled  with  potash  as  long  as  it  con- 
tinues to  give  off  ammonia.  The  alkaline  solution  is  then  acidu- 
lated with  sulphuric  acid,  and  the  free  malonic  acid  extracted  by 
ether. 

Malonic  acid  crystallises  in  larg?,  rhomlwhedral  plates ;  dissolves 
easily  in  water,  alcohol,  and  ether;  melts  at  132°;  and  decomposes 
at  a  higher  temperature  into  acetic  acid  and  carbon  dioxide.  Its 
barium  suit,  CgH2Ba04  +  HjO,  forms  silky  needles.  The  calcucm 
salt,  4C3H2Ca04  +  7H20,  is  very  slightly  soluble  in  cold  water. 

NitroHomalonic    Acid,   CH(NOX^q^]|  ,  fonned  by  heating 

violuric  acid  (r/.v.)  with  alkalis,  crystallises  in  shining  needles,  easily 
soluble  in  water.    When  heated  it  melts,  and  then  explodes. 
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Amidomalonic  Acid,  ^(NHaX^Q^H  ^   produced  by  the 

action  of  sodium-amalgam  on  the  nitroso-acid,  forms  shining  prisms, 
which,  when  heated,  are  resolved  into  carbon  dioxide  and  amidacetic 
acid,  CH2(NH2)— CO2H. 

Mesoxalic  Acid,  C3H2O5  =  C0<g§2g  .—This  ketonic  acid, 

derived  from  malonic  acid  by  substitution  of  0  for  Hg  in  the  group 
CH2,  is  produced  by  oxidising  amidomalonic  acid  by  means  of  iodine 
m  an  aqueous  solution  containing  potassium  iodide  : 

CH(NH2)<gg;g     +     0     =     NH3    +  CO<ggg; 

also  by  boiling  alloxan  (mesoxalyl-urea  q.v.)  with  alkalis  : 

•^•"''^''n-  Urea.  Mesoxalic 

acid. 

Mesoxalic  acid  crystallises  in  deliquescent  prisms,  containing 
1  mol.  water,  easily  soluble  in  alcohol  and  ether.  It  melts  at  115^ 
without  giving  off  its  water  of  crystallation,  and  decomposes 
at  a  higher  temperature.  The  water  appears  therefore  to  be  very 
intimately  combined,  probably  in  the  form  represented  on  the  right- 
hand  side  of  the  following  equation  : 

The  metallic  mesoxalates  and  the  ethylic  ether  also  contain  1  mol. 
water  very  intimately  combined  ;  the  ether  probably  has  the  con- 
stitution C(OH)2(C02C2H,)2.  The  barmm  salt,  CjBaO.  +  HHA  ' 
is  nearly  insoluble  in  water.  The  silver  salt,  CjAgaOs H;0,' is 
an  amorphous  powder,  which  blackens  on  exposure  to  light,  and 
IS  decomposed  by  boiling  with  water  into  mesoxalic  acid,  metalUc 
silver,  silver  oxalate,  and  carbon  dioxide.  By  the  action  of  sodium- 
amalgam  mesoxalic  acid  is  converted  into  tartronic  acid : 

CO<C§i    +    H2    =  CH(OH)<ggjg. 

Succinic  Acids,  C^HgO^  =  C2H4<§^2H._of  these  acids 
there  are  two  modifications,  viz.  :  ^ 


CH2.CO2H 
CH2.CO2H 

Succinic.  Isosuccinic. 

1.  Ordinary  Succinic,  iS-Succinic,  or  Ethene-dicarbonic 
Acid,  is  produced  : 


SUCCINIC  ACID. 
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1.  By  heating  ethene  cyanide  with  alcoholic  potash  : 

CHj.CN  CH,.COoH 
I  +     4H,0      =     2NH3  +1 

CH2.CN  CH2.CO2H 

2.  By  converting  /3-iocloiDropionic  acid  into  the  corresponding 
cyanogen  derivative,  and  decomposing  the  latter  with  alkalis  or 
acids  : 

CHo.CN-CH— CO2H  +  2H2O  =  NH3  +  CH^-COoH— CH,— CO2H. 
/3-Cyanopropionic  acid.  /3-Succiiilc  acid. 

3.  By  the  action  of  nascent  hydrogen  (evolved  by  sodium- 
amalgam)  on  maleic  acid,  or  its  isomeride,  fumaric  acid  :  C.H.Oi  + 
H2=C,HA. 

4.  By  the  action  of  hydriodic  acid  (or  water  and  phosphorus 
iodide)  on  malic  acid,  C^RgO^,  or  tartaric  acid,  C^HeOg,  the  reaction 
consisting  in  the  abstraction  of  1  or  2  atoms  of  oxygen,  with  forma- 
tion of  water  and  separation  of  iodine. 

5.  By  the  fermentation  of  malic  or  fumaric  acid  and  of  many 
other  organic  substances,  especially  under  the  influence  of  putrefy- 
ing casein  ;  in  .small  quantity  also  during  the  alcoholic  fermentation 
of  sugar  (p.  123,  foot-note). 

6.  By  the  oxidation  of  many  organic  substances,  especially  of  the 
fatty  acids,  CnH2n02,  and  their  glycerides,  under  the  influence  of 
nitric  acid.  Its  formation  from  butyric  acid  is  represented  by  the 
equation  C^Up^  +  O3  =  H^O  +  C^Bf^Oi. 

Succinic  acid  occurs  ready  formed  in  amber  and  in  certain  lignites, 
and  occasionally  in  the  animal  organism.  By  heating  amber  in 
iron  retorts,  it  may  be  obtained  in  coloured  crystals,  which  may  be 
puritied  by  treatment  with  nitric  acid  and  recrystallisation  from 
boiling  water.  It  is,  however,  more  advantageously  prepared  by 
the  fermentation  of  malic  acid,  the  crude  calcium  malate  obtained 
by  neutrali,sing  the  juice  of  moiTntain-a.sh  berries  with  chalk  or 
slaked  lime  Ijeing  used  for  the  purpose.  The  salt  is  mixed  in  an 
earthen  jar  with  water  and  yeast,  or  decaying  cheese,  and  left  for  a 
few  days  at  30°  or  40°;  the  calcium  succinate  thus  obtained  is 
decomposed  by  dilute  sulphuric  acid;  and  the  succinic  acid  is 
puritied  by  crystalli.sation  from  water  and  by  sublimation. 

Succinic  acid  ciystallises  in  colourless,  monoclinic  prisms,  which 
dissolve  in  23  parts  of  water  at  20°  and  in  4  parts  of  boiling  watei' : 
It  melts  at  180",  and  boils  at  235°,  at  the  same  time  undergoing 
decomposition  into  water  and  succinic  oxide,  or  anhydride, 
C.H^O^,  or  (C'.,H^02)0.  The  same  compound  is  formed  by  the  action 
ot  phospliorus  pentachloride  on  succinic  acid : 

+  PCI5  =  POClg  -1-  2HC1  +  C4H4O3. 

It  is  a  white  mass,  less  soluble  in  water,  but  more  soluble  in  alcohol, 
than  succinic  acid. 

Succinic  acid,  being  bibasic,  forms,  with  monad  metals,  acid  and 
neutral  salts,  C^H^MO^  and  C^H^MjO^,  and  with  dyad  metals, 
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neutral  salts  containing  C4H4M"04,  and  acid  salts  C4H4M''''04.C4Hb04. 
■ — There  are  also  a  lew  double  succuiates,  several  basic  lead-salts, 
and  a  hyperacid  potassium-salt. 

The  succinates  of  the  alkali-metals  are  easily  soluble  in  water. 
The  calcium  salt,  C4H4Ca04,  is  sparingly  soluble  iu  water,  and  sepa- 
rates from  a  cold  solution  with  SHgO,  and  from  a  hot  solution  with 
iHjO.  Ou  adding  ammonium  succinate  to  tlie  solution  of  a  ferric 
salt,  a  basic  ferric  succinate  is  thrown  down  as  a  reddish-brown 
precipitate. 

Succinic  acid  is  distinguished  from  benzoic  acid  by  not  being 
precipitated  from  its  soluble  salts  by  mineral  acids,  ani_l  by  lormmg 
a  white  precipitate  with  barium  chloride,  on  addition  ol  alcoh  i  \  and 
ammonia. 

Ethylic  succinate,  05114(002.02115)2,  obtained  by  the  actrori  of 
hydrochloric  acid  on  an  alcoholic  solution  of  succinic  acid;,  is  a 
thick  oil,  insoluble  in  water,  having  a  specific  gravity  of  1"072  at  0°, 
and  boiling  at  216°. 

Succinic  chloride,  02H4(00.01)2,  formed  by  the  action  of  PC1-,  on 
excess  of  succinic  acid,  is  an  oil  which  solidifies  at  0°,  and  boils 
at  90°. 

Bromosuccinic  acids. — The  mono-  and  di-brominated  acids 
are  formed  by  heating  succinic  acid  with  bromine  and  water  iu 
sealed  tubes  to  150°-180°. 

Monobromosuccinic  acid,  02H3Br(C02H)2,  which  is  the  chief  pro- 
duct formed  when  a  large  quantity  of  water  is  used,  crystallises  in 
nodular  groups  of  slender  needles,  easily  soluble  in  water.  It  mehs 
at  160°,  giving  off  HBr,  and  being  convertpd  into  fumaric  acid, 
C4H4O4.  By  boiling  with  silver  oxide  and  water,  it  is  converted 
into  oxysucciuic  or  malic  acid,  C2H3(OH)(C02H)2. 

Dihromosuccinic  acid,  C2H2Br2(002H)2,  is  also  formed  by  direct 
combination  of  fumaric  acid  with  bromine  : 

OH.CO2H  OHBr.COgH 
II  +        Br2       =  I 

CH.OO2H  CHBr.C02H 

further,  by  heating  succinyl  chloride  with  bromine,  and  decomposing 
the  resulting  dibromosuccinyl  chloride,  C2H2Br2(0001)2,  with  water. 

This  acid  crystallises  in  prisms,  sparingly  soluble  in  cold,  more 
freely  in  hot  water. 

Its  salts  are  decomposed  by  boiling  with  water,  the  silver  salt 
yielding  dioxysuccinic  or  inactive  tartaric  acid ;  the  sodium  salt, 
monobromomalic  acid;  and  the  barium  salt,  mouobromomaleic acid; 
thus  : 

04H2Ag2Br204    +    2H2O    =    2AgBr    +    C,11,0,  . 

Tartaric  acid. 

C4H2Na2Br204    -I-    H.O      =     NaBr     +  C4H4NaBr05 

ISromoiniilnte. 


2C4H2BaBr204 


=     BaBrj    +  (C4H2Br04),Ba 

Bi'oinomaliuto 


PYROTARTARIC  ACIDS. 
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Elhylic  dibromositccinate,  C2H,Br2(CO.,C9H5)o,  melts  at  58°,  and 
boils  at  140°-150°. 

Sulphosuccinic  acid,  C2H3(S03H)(C02H)2,  is  a  tribasic  acid 
formed  by  dissolving  succinic  acid  in  turning  sufphiuic  acid,  and  by 
the  combination  of  fumaric  or  maleic  acid  with,  the  acid  sulphites 
of  the  alkali-metals. 

Isosuccinic  or  Ethidene-dicarbonic  Acid,  H3C — CH<^^Q2g  ^ 

is  prepared  from  a-chloropropiouic  acid,  through  the  mediuni  of 
the  cyanogen-derivative : 

H3C-CH<g^^^jj  +  2R,0  =  NH3  -f  H3C-CH<J^;]^g. 

It  cannot  be  .prepared  from  ethidene  dibromide,  H3C — CHBrj  ;  for 
on  heating  this  compound  with  potassium  cyanide  and  an  alkali, 
a  molecular  transposition  takes  place,  resulting  in  the  formation  of 
ordinary  or  ethene-succinic  acid. 

Isosuccinic  acid  crystallises  in  needles  soluble  in  4  parts  of 
water.  It  melts  at  130°,  and  is  resolved  at  higher  temperatures 
into  propionic  acid  and  carbon  dioxide  : 

CH3-CH(C02H)2  =  CO2  +  CH3-CH2-CO2H . 

The  same  decompositioa  takes  place  on  heating  the  acid  with  water 
above  100° ;  in  lact,  this  mode  of  decomposition  into  COg  and  a 
monocarbon  acid  is  characteristic  of  the  di-carbon  acids  in  which 
the  two  carboxyl-groups  are  attached  to  one  carbon-atom. 

Dibromisosuccinic  acid,  C.^H2Br2(C02H)2,  is  formed  by  addition 
of  bromine  to  maleic  acid : 

^^^^'^^'<cS:g  +        =  H2CBi-CBr<C0.H 

It  is  crystalline,  easily  soluble  in  water,  melts  at  150°,  and  is 
ri'sf)lved  on  further  heating,  or  on  boiling  with  water,  into  HBr,and 
isubromomaleic  acid,  CHBr=C(C02H)2.  Sodium  amalgam  con- 
verts It,  by  molecular  transposition,  into  ordinary  succinic  acid. 

Pyrotartaric  Acids,  CJ-l80^  =  C.,H„<[i2-^J|  .  — Of  these 

acids  there  are  four  modifications :  ^ 

CH3  CH2.CO2H  CH3  CH3 

I  I  I  I 

yH.C02H        CH2  CJH2  C(C02H)2 

CH2.CO2H       CH2.CO2H         (JH(C02H)2  (JH., 

I'.Udinitiiric.  (Jlutniii:.  Ktliyliimlonic.  DliiioHiyl- 

iiiuluiiiu. 
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Pyrotartaric  or  Methyl -succinic  Acid,  CH3.CH<^^2^q  ^ 

is  obtained  by  the  dry  distillation  of  tartaric  acid,  mLxed  with  an 
equal  weight  of  powdered  pumice ;  synthetically  also  from  propene 
bromide,  through  the  medium  of  the  cyanide  : 

CH3.CH<gg^^^  +  4H,0  =  2NH3  +  CH,CH<g03Ho^g- 

also  by  the  action  of  nascent  hydrogen  on  the  three  isomeric  acids, 
itaconic,  citraconic,  and  mesaconic : 

and  lastly  by  treating  allyl  iodide  with  potassium  cyanide,  and  boil- 
ing the  resulting  nitril  with  a  caustic  alkali. 

It  crystallises  in  small  rhombic  prisms,  easily  soluble  in  water, 
alcohol,  and  ether,  melts  at  112°,  and  when  rapidly  heated  is  re- 
solved into  water  and  pyrotartaric  anhydride,  which  distils 
over,  and  boils  at  230°. 

CH3  CH3 

I  I 
CH.CO.OH   =    H^O    +  CH..CO^ 

i  I  >0. 

CH2.CO.OH  CH^-CO^ 

On  heating  it  for  a  longer  time  to  200° -2 10°,  or  on  exposing  its 
aqueous  solution,  mixed  with  a  uranium-salt,  to  simshine,  it  is  re- 
stored into  CO2  and  butyric  acid,  CH3— CH,— CH,— CO,H. 

Neutral  calcium  pyrotartrate,  C5He04Ca''-f- 2H2O,  and  the  acid 
potassium  salt  CgH^O^K,  are  sparingly  soluble  in  water. 

Normal  Pyrotartaric  Acid,  CH2<gg2;^g-gg ,    also  called 

glutar^c^  acid,    is    formed    by    heating    propene  cyanide, 

CH2-<Qjj^-^-j^  ,  with  strong  hydrochloric  acid,  to  100°,  in  a  sealed 

tube  for  three  or  four  hours.  The  contents  of  the  tube  are  then 
evaporated  down  on  a  water-bath,  treated  with  absolute  alcohol  to 
separate  ammonium  chloride,  and  the  alcoholic  solution  is  evapor- 
ated down,  whereupon  the  acid  is  left  as  a  thick  hvown  syrup, 
which  very  slowly  crystallises.  It  may  be  piu-ified  bv  conversion 
into  silver  salt,  and  separation  therefrom  by  hydrogen  sul]ihide. 
The  same  acid  is  obtained  by  heating  oxyglutaric  acid  (q.v.), 
with  concentrated  hydriodic  acid  to  120°.  it  forms  large  trans- 
parent monoclinic  crystals,  easily  soluble  in  water,  melting  at 
97°,  and  decomposing  above  280°  into  water  and  the  auhj^dride, 
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Ethylmalonic  Acid,  CH3.CH,.CH<gg2H  ^       ^^^^^^^.^^  ^^.^^^^ 

<«-bromobutyric  acid,  (p.  392),  through  the  luedium  of  the  cvano 
compound: 

CH3.CH2.CH(CN).C02H +2H2O  =  NH3  +  Q^^.CIL^.QIL<'^^2^  . 

CO2H 

It  crystallises  in  colourless  prisms,  resembling  pyrotartaric  acid,  and 
melting  like  the  latter,  at  11^.    When  heated  to  160°,  it  is  resolved 
mto  CU,  and  butyric  acid.    The  calcium  salt,  C,HrO,Ca  +  H  0 
lornis  prisms  more  soluble  in  cold  than  in  hot  water.    The  harmm 

beautiM  tablet? '  ^^^"^^^'^  +  ^^0,  crystallises  in 

Dimethyl-malomc  Acid,  (CH3),C(C02H)„  prepared  from 
bromisobutyric  acid,  is  less  soluble  in  water  than  either  of  the  two 
precedmg  acids.  It  decomposes  when  melted,  but  does  not  yield 
butync  acid. 

Suhtitution-products  of  the  Pyrotartaric  ^ctWs.— Isomeric  chloro- 

^  un?™^^"^!''"^''*^''^^  '™  formed  by  dirgct  addition 

01  MLl,  HBr,  and  Bra,       the  unsaturated  acids,  C' H.O,  viz 
itaconic,  citracomc,  and  mesaconic  acids,  these  products  bein<:r  called 
acicir*^^^  ^'^^  ^^^^''^^^^^^  of  tlie  pyrotartaric 

The  monochlorinated  derivatives,  CgH.ClO,,  are  formed  by 
treating  the  three  isomeric  acids,  C^H^O,,  with  strong  hydrochloric 
/fey  are  all  three  CTystaMme.—Itachloropyrotartaric  acid 
melts  at  145  ,  and  when  heated  with  water  or  alkalis,  is  converted 
into  itama  ic  acid  C,H^(OR)0^.~Citrachloropyrotartaric  acid  is 
very  imstable,  and  when  heated  with  water  gives  up  HCl  and 
passes  into  mesaconic  acid,  C,H„0,  (p.  354).  By  boiling 'with 
alkaks.  It  IS  resolved  into  CO^,  HCl,  and  methacrylic  acid,  aH,0,  - 
Memchloropyrotartaric  acid  is  more  stable  than  the  last,  melts  at 
o'vt'n     "  ^O'^^erted  by  heating  witli  water  into  mesamalic  acid, 

The  three  isomeric  dibromopyrotartaric  acids  differ  from  one 
another  in  their  degree  of  solubilitj'  in  water.  The  ita-compound 
18  converted,  by  boilmg  tlie  aqueous  solution  of  its  sodium  salt, 
mto  aconic  acid  aH^O,,.  The  citra-  and  mesa-compounds,  on  the 
other  hand,  peld  bromocrotonic  acid,  C^H^BrO. 
.  All  these  chloro-derivatives,  and  the  corresponding  bromo-  and 
10c  o-pyrotartaric  acids,  are  converted  by  nascent  hydrogen  into 
ordinary  pyrotartaric  acid. 

The  constitution  of  the  suljstituted  pyrotartaric  acids  will  be 
unclenstood  from  that  of  the  three  isomeric  acids,  C,HuO„  (p.  353). 

Adipic  Acids,  CoH,oO,  =  C,H8<gJ]^{:[  -l.  i^ormaZ  Adipic 
(^c.id,  C()„H-(CH2),-C0,H,  originally  obtained  by  the  oxidation 


350         FATTY  gboup:  diatomic  and  dibasic  acids. 

oF  fats  with  nitric  acid,  is  formed  syntlietically  by  heating  /3  iodo- 
propionic  acid  with  finely  di\'ided  silver  : 

t'H,I-CH,— CO2H)  CH,— CH2— CO2H  1 

^   +  Ag2  =   2AgI   +  I 
CH2I— CH2— CO2H  )  CH2— CH2-CO2H 

/J.Iodopropionic  acid.  j^^.  . 

2  mol. 

It  is  also  produced  hy  the  action  of  nascent  hydrogen  on  hydro- 
muconic  acid,  C^jHgO^  ;  by  oxidising  sebacic  acid  with  nitric  acid ; 
and,  together  with  acetic  acid  and  carbon  dioxide,  by  oxidation  of 
phorone  with  chromic  acid  : 

CgHi^O  +  0,  =  CflHioO^  +  C2H,02  +  CO2 . 

This  acid  crystallises  in  shining  laminae  or  prisms,  dissolves  in  13 
parts  of  cold  water,  and  melts  at  148°. 

CH3— CH— CO2H  / 

2.  Isoadipic  or  Dim  ethrjl-succinic  acid,  |  ,  | 

CH3— CH— CO2H 

produced  by  heating  a-bromopropionic  acid,  CH3 — CHBr — CO^H, 
with  finely  divided  silver,  forms  a  thick  syrup  which  does  not  readily 
crystallise. 


The  higher  acids  of  this  series  are  formed  by  the  oxidation  of 
stearic  acid,  oleic  acid,  and  other  acids  of  the  fatty  and  acrylic  series 
with  nitric  acid, — succinic  acid  and  some  of  the  lower  homologues 
bemg  generally  formed  at  the  same  time.  The  mixed  acids  thus 
obtaLued  are  separated  by  fractional  crystallisation  from  ether,  the 
higher  members  separating  out  first. 

Pimelic  Acid,  C7Hj20,,,  is  also  produced  by  fusing  camphoric 
acid  with  potash.  It  melts  at  114°,  and  dissolves  in  40  parts  of 
cold  water. 

Suberic  Acid,  0511^404,  is  most  readilj'^  obtained  by  boiluig  cork 
with  nitric  acid.  It  crystallises  hi  long  needles  or  plates,  melts  at 
140°,  and  sublimes  without  decomposition  between  150°-160°.  It 
dissolves  in  100  parts  of  cold  water,  easily  in  hot  water,  alcohol,  and 
ether. 

(CH3)2C— CO2H 

An  isomeric  acid,  tetramethylsuccinic  acid,  I  , 

(CH^.C— CO2H 

is  formed  by  heating  bromisobutyric  acid  (CH3)„CBr."C02H,  with 
reduced  silver.  It  melts  at  95°,  and  dissolves  in  45  parts  of  water 
at  10°. 

C2H5.CH.CO2H 

A  third  isomeride,  dietliylsuccinic  acid,  |  ,  is 

C2H5.CH.CO,,H 

formed  in  like  manner  from  a-bromobutyric  acid,  CaHj.CHBr.COoH . 


II 


UNSATURATED  ACIDS,  C„n„„_^0^. 
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Anchoio  Acid,  or  Lepargylic  Acid,  CjjHjgOj,  is  formed, 
tni^ether  with  other  products,  by  the  action  of  nitric  acid  on  Chinese 
wax  and  on  the  fatty  acids  of  cocoa-nut  oil. — Azelaic  acid,  ob- 
tained by  oxidising  castor-oil  with  nitric  acid,  has  the  same  com- 
position as  anchoic  acid,  but  differs  so  much  from  it  in  physical 
properties,  that  it  must  be  regarded  as  an  isomeric  or  allotroxjic 
modihcation. 

Sebic  or  Sebacic  Acid,  CioHj804,  is  a  constant  product  of  the 
destructive  distillation  of  oleic  acid,  olein,  and  all  fatty  substances 
containing  those  bodies  ;  it  is  extracted  by  boiling  the  distilled 
matter  with  water :  it  is  also  formed  by  the  action  of  potash  on 
castor-oil  (see  p.  158).  It^'orms  small  pearly  crystals  resembling 
those  of  benzoic  acid.  It  has  a  faintly  acid  taste,  is  but  little  soluble 
in  cold  water,  melts  when  heated,  and  sublimes  unchanged. 

Brassylic  Acid,  CUH20O4,  obtained  by  oxidation  of  behenolic 
acid  and  erucic  acid,  melts  at  1  '08°,  and  is  nearly  insoluble  in  water. 

Roccellic  Acid,  0^^113204,  exists  in  Boccella  tinctoria,  and  other 
lichens  of  the  same  genus,  also  in  Lecanora  tartarea,  and  is  obtained 
by  exhausting  the  first-mentioned  plant  with  aqueous  ammonia, 
precipitating  the  filtered  liquor  wdth  calcium  chloride,  and  decom- 
posing the  resulting  calcium  salt  with  hydrochloric  acid.  When 
purified  by  solution  in  ether,  it  forms  white,  rectangular,  four-sided 
tabular  crystals,  melting  at  132°,  and  subliming  at  200°,  being 
partially  converted  at  the  same  time  into  an  oxide,  C^yH^gOg.  This 
acid  decomposes  carbonates. 


CO  H 

2.  Unsaturated  Acids,  CnH2n— 4O4  or  CpH-in— 2<^qq^jj  • — 
Thi.s  series  includes  the  following  groups  of  isomeric  acids : 

Fumaric  and  Maleic  acids,      ....  C^H^O^ 
Itaconic,  Citraconic,  Mesaconic,  and  Paraconic 

acids,   CjH.O^ 

Hydromuconic  acid,   CyHg04 . 

These  acids  are  capable  of  taking  up  two  atoms  of  hydrogen, 
bromine,  and  other  monad  elements,  and  passing  into  the  saturated 
acids  of  the  preceding  series.  A  general  method  of  forming  them 
consists  in  heating  the  dibrominated  derivatives  of  the  acids, 
CnH2n— 2O4,  with  solution  of  potassium  iodide ;  e.g. : 

CHBr.COaH  CH.COjjH 
I  -I-    2KI    =    2KBr    +    I„    +  11 

CHBr.CO.H  CH.CO^H 

Dibromosuccinic.  Fumuiic. 

The  isomeric  modifications  of  these  acids  are  determined  by  the 
structure  of  the  radicles  CnHan— 2,  associated  with  the  two  carboxyl 
groups. 
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Fumaric  and  Maleio  Acids,  C4H4O4, 

CH.CO2H  CH2 

CH.CO2H  c<co;h 

Fumai-ic.  Maleic. 

These  two  acids  are  produced  by  the  dry  distillation  of  malic 
acid: 

When  malic  acid  is  heated  in  a  small  retort  nearly  filled  with  it, 
it  melts,  hoils,  and  gives  off  water,  together  with  maleic  acid  and 
maleic  anhydride,  which  pass  over  intcj  the  receiver,  and  dissolve 
in  the  water.  After  a  time,  small  solid,  crystalline  scales  make 
their  appearance  in  the  boiling  liquid,  and  increase  in  quantity 
until  the  whole  becomes  solid.  The  process  may  now  be  inter- 
rupted, and  the  contents  of  the  retort,  after  cooling,  treated  with 
cold  water:  unaltered  malic  acid  is  thereby  dissolved  out,  and 
fumaric  acid,  which  is  less  soluble,  remains  behind. 

Fumaric  acid  exists,  in  the  free  state,  in  several  plants,  as  in 
the  common  fumitory  (Fumaria  officinalis),  Iceland  moss  (Cetraria 
islandica),  and  in  certain  fungi.  It  is  produced  also,  as_  above 
stated,  by  the  action  of  potassium  iodide  on  dibromosuccinic  acid, 
and  from  monobromosuccinic  and  sulphosuccinic  acids  by  fusion 
with  potash. 

Funiaric  acid  forms  small,  wiiite,  crystalline  laminse,  which 
dissolve  freely  in  hot  water  and  alcohol,  but  require  for  solution 
about  200  parts  of  cold  water :  it  is  imchanged  by  hot  nitric  acid. 
When  heated  in  a  current  of  air,  it  sublimes,  but  by  distillation  in  a 
retort,  it  is  resolved  in  water  and  maleic  anhydride,  C4H0O3. 
Similar  differences  are  often  observed  in  the  behaviour  of  organic 
bodies  of  small  volatility,  according  as  they  are  heated  in  close 
vessels  or  in  a  cm-rent  of  air.  Fumaric  acid  is  converted  by  sodium 
amalgam,  hydriodic  acid,  and  other  hydrogenising  agents,  into 
ordinary  succinic  acid.  It  unites,  in  presence  of  water,  with  metal- 
lic zinc,  forming  succinate  of  zinc,  C4H404Zn. 

Fumaric  acid  forms  acid  and  neutral  metallic  salts.  The  calcium 
and  harium  salts  are  anhydrous.  The  silver  salt,  C4H204Ag2,  is 
quite  insoluble  in  water.  The  ethylic  etiier,  6411204(02115)2,  is  a 
liquid  boiUng  at  225°. 

on  FT 

Maleic  Acid,  H2C=C<^Q2g  ^  crystallises  in  large  prisms  or 

tables,  very  soluble  in  water,  alcohol,  and  ether,  and  having  a  strong 
acid  taste  and  reaction.  It  is  converted  by  heat  into  fumaric  acid, 
by  nascent  hydrogen  into  succinic  acid,  and  by  bromine  into  dibro- 
niisosuccinic  acid,  HjBrC— CBr(C02H)2.  Its  aqueous  solution  dis- 
solves zinc  without  evolution  of  hycbogen,  forming  maleate  and 
succinate  of  zinc : 

3C4H4O4  -I-  2Zn  =  C4H204Zn  +  (04H402)2H2Zn . 


ACIDS  C3H^(c02H)2. 
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Maleic  anhydride,  C4H2O3,  crystallises  in  large  laminte  or  needles, 
melts  at  57°,  boils  without  decomposition  at  196°,  and  is  converted 
by  water  into  maleic  acid. 

Maleic  and  fumaric  acids  are  resolved  by  electrolysis  of  the  con- 
centrated solutions  of  their  sodium  salts  into  carbon  dioxide, 
hydi'ogen,  and  acetylene : 

aH2(C02H)2  =  C2H2  +  2CO2  +  H2. 

Acids,  C5HoO^  =  C3H4<§§2H__rpj^gQj.y -j^^^^^^gg  ^-^^  existence 

of  five  isomeric  acids  of  this  form,  and  of  these  foiu'  are  known,  viz., 
citraconic  and  mesaconic  acids,  which  may  be  derived  from 
fumaric  acid  by  interpolation  of  CH2,  and  itaconic  and  paraconic 
acids,  derivable  in  like  manner  from  maleic  acid: 

CH.CO^H  CH2 
From  Fumaric  Acid,  |  From  Maleic  Acid,  || 

CH-CO^H  C(C0.,H)3 


CH.COoH  CH.CO2H         CH.,  CHj  HC-CH3 

CH  J_CO,H  LcO.,H  (!<CO.H 

I  I  I  "  I  L-UgXl 

CH2.C0,H       CH3  CH2.CO3H  HCxgg^H 

Mesaconic.  Citraconic.  Itaconic.  Paraconic  (?) 

acid. 

Citraconic  and  itaconic  acids  are  produced  by  the  action  of 
heat  on  citric  acid.  When  crystallised  citric  acid  is  heated  in  a 
retort,  it  first  melts  in  its  water  of  crystallisation,  and  then  boils, 
giving  off  water.  Afterwards,  at  about  175°,  vapours  of  acetone 
aistU  over,  and  a  copious  disengagement  of  carbon  monoxide  takes 
place.  At  this  time  the  residue  in  the  retort  consists  of  aconitic 
acid.  If  the  distillation  be  still  continued,  carbon  dioxide  is  given 
off,  and  itaconic  acid  crystallises  in  the  neck  of  the  retort.  If  these 
crystals  be  repeatedly  distilled,  an  oily  mass  of  citraconic  oxide  or 
anhydride  is  obtained,  which  no  longer  soUdifies.  These  decompo- 
sitions are  represented  by  the  following  equations ; — 

CcHgO,  -  H2O  =  CeH«0„;      CeH^  -  CO2  =  C,H„0,; 

^^Mq  Aconitic  Aconitic  Itaconic 

"'^'d-  acid.  acid.  acid. 

C,H„04       -       H2O       -  CflH.Oj 

Itaconic  Citraconic 
acid.  anliydride. 

The  citraconic  anhydride  when  exposed  to  the  air  absorbs  moisture, 
m'^  converted  into  crystallised  citraconic  acid,  C^HaO,,. 
Mesaconic  acid  is  produced  by  boiling  itaconic  acid  with  weak 
nitnc  acid.  These  three  isomeric  acids  are  all  converted  by  nascent 
hydrogen  into  pyrotartaric  acid,  CfllgOi.  They  also  take  up  a 
molecule  of  HBr,  HCl,  HI,  forming  isomeric  monobromopyrotar- 

FOWNES. — VOL.  II.  Z 
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taric  acids,  C,;H7Br04,  &c.,  or  of  bromine,  Bt^,  forming  isomeric 
dibromopyrotartaric  acids.  Itacouic  and  citraconic  acids  are,  how- 
ever, more  inclined  to  these  transformations  than  mesaconic  acid, 
which  is  altogether  a  more  stable  compound. 

On  subjecting  their  potassium  salts  to  electrolysis,  the  three  acids 
are  decomposed,  yielding  a  hydrocarbon  C3H4,  according  to  the 
equation : 

C3H,(C02H)2  ^  C3H4  +  2CO2  +  H2. 

Now,  citraconic  acid  thus  treated  yields  ordinary  allylene, 
CH^G— CH3,  whereas  itaconic  acid  yields  iso-allylene  or 
allene,  CH2=C=CH2,  results  which  are  in  accordance  with  the 
formulee  above  given  for  these  acids.  Mesaconic  acid  likewise  yields 
allylene,  as  might  be  expected,  since  the  hydrocarbon  CH=CH — CHj 
cannot  exist. 

Itaconic  Acid  is  most  easily  prepared  by  heating  citraconic  anhy- 
dride with  water  to  130°-140°.  It  crystallises  in  rhombic  octohe- 
drons,  dissolves  in  17  parts  of  water  at  10°,  melts  at  161°,  and  is 
resolved  by  distillation  into  water  and  citraconic  anhydride. 

Citraconic  Acid  crystallises  in  four-sided  prisms,  melting  at 
80°.  It  is  much  more  soluble  in  water  than  itaconic  acid,  and 
deliquesces  on  exposure  to  the  air.  Its  anhydride,  CgH^Og,  forms 
an  oily  liquid,  which  easily  recombines  mth  water  to  form  the 
acid. 

Mesaconic  Acid  forms  shining  prisms  sparingly  soluble  in  water, 
melts  at  208°,  and  sublimes  without  decomposition.  It  is  most 
readily  obtained  by  the  action  of  heat  on  citrachloropyrotartaric 
acid. 

Paraconic  Acid  is  formed,  together  with  itamalic  acid,  C^HgOs, 
by  heating  itachloropyrotartaric  acid,  CH2CI  —  CH.COoH  —  CH2. 
COjII,  with  water.  It  is  easily  soluble  in  water,  melts  at  70°, 
and"  is  resolved  by  distillation  into  water  and  citraconic  anhy- 
dride. It  unites  with  HBr,  forming  itabromopyrotartaric  acid. 
"When  heated  with  alkalis  it  takes  up  water,  and  forms  itamalic 
acid,  CjHjjOft. 

The  constitution  of  paraconic  acid  is  probably  represented  either 
by  the  fourth  or  the  fifth  formula  above  given ;  but  there  is  a,t  pre- 
sent no  means  of  deciding  between  the  two.  Moreover,  it  is  not 
easy  to  see  how  an  acid  having  its  two  carboxyl-groups  associated 
with  the  same  carbon-atom  could  be  formed  from  itabromopyrotiu'- 
taric  acid,  rmless  the  reaction  were  accompanied  by  moleculai'  trans- 
position. 

Hydromuconic  Acid,  CbH804  =  C4H8(C02H)2,  produced  by  the 
action  of  sodium-amalgam  on  dichloromuconic  acid,  CeHgCl204, 
crystallises  in  large  prisms,  slightly  soluble  in  cold  water,  and  melt- 
ino-  at  195°.    It  is  converted  by  sodium-amalgam  into  adipic  acid, 
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n^u^TP^n'^^*^^  bromine,  formiug  dibromadiijic  acid 

3.  Unsaturated  Acids,  CnH2n-604. 

Aconic  Acid,  CsHjO,.— This  acid  is  formed  by  boiling  itadibro- 
mopyrotartaric acid  with  caustic  soda.  It  is  very  soluble  in  water 
alcohol,  and  ether,  and  crystallises  from  the  alcoholic  solution  in 
foliate  groups  of  sliining  needles,  melting  at  154°.  From  its  orio-in 
it  might  be  expected  to  be  a  bibasic  acid ;  but  it  is  really  monobasic 
Its  silrer-salt  being  CgHgOiAg,  and  its  barium  salt  (C5H304),Ba! 
This  may  perhaps  be  explained  by  regarding  the  acid  as  an  anhy^b-o- 
acid  similar  to  dilactic  acid,  its  mode  of  formation  being  represented 
by  the  following  equation : 

CHaBr— CBr— COOH  HG^C-^CO 
I  -    2HBr    =  I 

CH2-COOH  H,C-COOH 

Itadibromopyrotartaric  acid.  Aconic  acid. 

By  boiling  with  baryta-water,  aconic  acid  is  resolved  into  formic 
and  succinic  acids : 

r-0— , 

HC=C_CO  H,C-CO,H 
I  +  2H2O  =  H-COoH  +  I 

H^C-CO^H  H^C-CO^H 
Muconic  Acid,  CgHgO^,  formed  in  Uke  manner  from  dibrom- 
adipic  acid,  forms  large  crystals  meltmg  at  100°.  It  is  monobasic, 
hke  aconic  acid,  and  is  probably  constituted  in  a  similar  manner. 
±Sy  boilmg  with  baryta- water  it  is  resolved  into  acetic  and  succinic 
acids. 

Triatomic  Acids. 

1.  Monobasic,  C„H2n04. 
These  acids  are  derived  from  the  triatomic  alcohols,  C„H2n+203 
(glycenns)  by  substitution  of  0  for  H^,  in  the  same  manner  as  the 
acids  of  the  lactic  series,  CnH2n03,  from  the  glycols,  CnH2n+202. 
liiere  is,  however,  but  one  acid  of  the  series  at  present  known,  viz. : 

Glyceric  Acid,   a^Bfi^  (dioxypropionic  acid),  which  is 
lormed  by  the  gradual  oxidation  of  glycerin  with  nitric  acid : 
CH2.OH  CH2.OH 


JH.OH      -I-     O2     =     H„0     +  CH.OH; 


'H^-OH  C30.0H 

also  by  heating  glycerin  to  100°  in  a  sealed  tube,  with  bromine  and 
water : 

C3H8O3  +  2Br^  +  ILfi  =  4HBr  +  C^liaO^. 
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To  prepare  it,  nitric  acid  (specific  gravity  1-5),  is  poured  through  a 
long-necked  funnel  to  the  bottom  of  a  taU  glass  jar  containing 
glycerin,  diluted  with  an  equal  buUv  of  water  (100  grains  of  glycerin, 
100  of  water,  and  100  to  150  of  red  nitric  acid,  are  good  proportions). 
The  two  layers  of  liquid  gradually  mix,  and  assume  a  blue  colour, 
and  the  oxidation  of  the  glycerin  proceeds,  accompanied  by  copious 
evolution  of  gas ;  if  the  liquid  becomes  too  hot,  the  action  must  be 
moderated  by  external  cooling.  When  the  action  is  completed, 
which  takes  five  or  six  days,  the  acid  liquid'  is  evaporated  to  a 
syrup,  diluted  with  water,  saturated  at  the  boiling  heat  with  chalk 
and  a  small  quantity  of  milk  of  Hme,  and  then  filtered.  The  con- 
centrated filtrate  deposits  calcium  glycerate  in  warty  crusts,  from 
which  the  glyceric  acid  may  be  separated  by  boiling  with  oxahc 
acid.  The  liquid  filtered  from  the  calcium  oxalate  is  boiled  with 
lead  oxide  to  remove  any  excess  of  oxalic  acid,  then  treated  with 
hydrogen  sulphide  to  precipitate  the  dissolved  lead,  and  the  filtered 
liquid  is  evaporated  over  the  water-bath. 

Glyceric  acid  when  concentrated  is  a  colourless,  uncrystaUisable 
syrup,  very  soluble  in  water  and  in  alcohol.  Heated  above  140°,  it  is 
decomposed,  yielding  water,  pyruvic  acid,  and  pyrotartaric  acid. 
By  fusion  with  potash  it  is  resolved  into  acetic  and  fornuc  acids ;  by 
boiling  with  aqueous  potash,  it  yields  oxalic  and  lactic  acids,  and  by 
the  action  of  phosphorus  iodide  it  is  converted  into  /3-iodopropionic 
acid. 

The  metallic  glycerates  are  soluble  in  water,  and  crystalhse  weU. 
They  are  not  reddened  by  ferrous  salts,  and  are  thereby  distmgmshed 
from  the  pyruvates,  from  which  they  differ  only  by  the  elements  of 
water.  The  calcmm  salt,  {C^B.fi^.fia.  +  'lB.^O,  usuaUy  crystalUses  m 
nodular  groups  of  needles,  easily  soluble  in  water :  the  lead  salt 
(C3H504)2Pb,  is  but  slightly  soluble  in  water. 

The  ethylic  ether,  Q^fi^.Q^^,  obtained  by  heating  glycerin  with 
absolute  alcohol,  is  a  thick  liqirid,  having  a  specific  gravity  of  1-193 
at  0°,  and  boiling  at  230°-240°. 

Amidoglyceric  acid,  CHg.NH^— CH.OH— CO2OH,  or  serine, 
is  obtained  by  boiling  sericin  or  silk-gelatin  {q.v.),  with  dilute 
sulphuric  acid.  It  forms  hard  crystals,  soluble  in  water,  but  in- 
soluble in  alcohol  and  ether.  It  unites  both  Avith  acids,  and  with 
bases.    Nitrous  acid  converts  it  into  glyceric  acid. 


Anhydrides  of  Glyceric  Acid. 
Pyruvic  or  Pyroracemic  Acid,  C3H4O3  =  0  \  I 


.CH2 


CH 


or 


CQ^^CHg     _'pjjig  anhydro-acid  is  formed,  together  with  other 
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products,  by  the  dry  distillation  of  glyceric,  tartaric,  or  racemic 
acid : 

C.HgOe  =  C3H4O3  +  CO2  +  H2O; 

and  is  obtained  pivre  by  redistilling  the  product  several  times,  and 
collecting  apart  the  portion  which  passes  over  between  165°  and 
170°.  It  is  a  yellowish  liquid,  easily  soluble  in  water,  alcohol,  and 
ether;  smells  like  acetic  acid,  and  boils  with  partial  decomposition 
at  165°-170°.  It  is  monobasic,  and  forms  salts  which  crystallise 
well,  provided  that  heat  is  avoided  in  their  preisaration ;  but  their 
solutions,  if  evaporated  by  heat,  leave  gummy  uncrystallisable  salts, 
which  yield  a  syrupy  non-volatile  modification  of  the  acid,  likewise 
obtained  when  an  aqueous  solution  of  the  original  acid  is  evaporated 
by  heat.  This  syrupy  acid,  which  is  probably  a  polymeric  modifica- 
tion, is  resolved  by  heat  into  carbon  dioxide  and  pyrotartaric  acid, 
2C3H,03  =  CO2 -)- 

Pyrmdc  acid  is  converted  by  nascent  hydrogen  into  ordinary  lactic 
acid,  CH3— CHOH— COOH,  and  may  therefore  be  regarded  as  a 
ketonic  acid  related  to  lactic  acid  in  the  same  manner  as  dimethyl- 
ketone  (acetone)  to  secondary  propyl  alcohol,  as  represented  by  the 
second  of  the  constitutional  formulse  above  given  : 

CH3-CO-CH3  CH3— CHOH-CH3 

Dimethyl  ketone.  Pseudopropyl  alcohol. 

CH3-CO-COOH  CH3— CHOH-COOH 

Pyi-UTic  acid.  a-Lactic  acid. 

The  reaction,  however,  agrees  equally  well  with  the  first  formula, 
■which  represents  pyruvic  acid  as  an  anhydride  of  glyceric  acid,  from 
which  it  is  formed  by  actual  dehydration. 

Pyruvic  acid  is  converted  by  phosphorus  pentachloride  into  di- 
chloropropionic  chloride,  CHjCl— CHCl— COCl ;  by  hydrochloric 
acid  at  100°  into  carbon  dioxide  and  pyrotartaric  acid  ;  by  oxidising 
agents  into  oxalic  acid ;  by  boiling  with  baryta- water  into  uvitic  acid, 
C0H8O4  =  CgHg  I  ^^qS      ^  f^jj  j^gj^j  belonging  to  the  aromatic  group. 

The  pyruvates  crystallise  well,  provided  that  heat  is  avoided  in 
their  preparation.  The  sodium  salt,  C3H303Na,  forms  large  anhy- 
drous prism.s.  The  lead  salt,  (C3H303)2Pb,  is  a  crystalline  precipi- 
tate.   The  silver  salt  is  also  crystalline. 

Oxypyruvic  or  Carbacetoxylic  Acid,  C3H,,04  or  CH2OH— 
— COjH,  isomeric  with  malonic  acid,  is  formed  by  heating 
^-chloropropionic  acid  with  excess  of  silver  oxide  : 
CnjCl.CH2.CO2H  +  .SAgjO  =  CHaOH.CO.COaAg  +  AgCl  +  2Ag2  +  H20  . 
It  forms  a  syrup,  easily  soluble  in  water  and  in  ether.  It  is  mono- 
basic ;  its  hariim  salt  crystallises  in  splierical  nodules  ;  the  lead  salt 
mcrusts  ;  the  zinc  salt  in  shining  scales. 
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The  acid  is  converted  by  nascent  liydi'ogen  into  glyceric  acid,  and 
hj  hydriodic  acid  at  200°  into  pyruvic  acid. 


TRIATOMIC  AND  BIBASIC  ACIDS, 
CnH2n.205,  Or  CnH2n-l(OH)<gg2H  ^ 

The  acids  of  this  series  may  be  formed  from  those  of  the  oxalic  or 
succinic  series,  CnH2n(G02H)2 ,  by  substitution  of  OH  for  H.  Foiu- 
of  them  are  at  present  known,  viz. : 

Tartronic  acid,  CgH^O- .  Oxypyrotartaric  acid,  CgHgOj . 
Malic  acid,       C^HgO^ .         Oxyadijjic  acid,  CgH^QOj . 

Tartronic  Acid,  CH(0H)<qq2H    (oxymalonic   acid),  is 

formed  by  the  action  of  nascent  hydi'ogen  onmesoxalic  acid  (p.  344): 

CO(C02H)2    +    H2    =  CHOH(C02H)2; 

also  by  spontaneous  decomposition  of  dinitrotartaric  acid  (p.  367), 
when  its  aqueous  solution  is  left  to  evaporate,  the  decomposition 
being  attended  with  evolution  of  carbon  dioxide  and  nitrogen  di- 
oxide : 

C2H2(O.N02)2(C02H)2  =  CHOH(C02H)2  +  COg  +  NsO.. 

Tartronic  acid  crystallises  in  large  prisms,  which  melt  at  175^ 
and  are  resolved  at  higher  temperatures  into  carbon  dioxide,  water, 
and  glycollide  : 

C3H4O5  =  CO2  +  H2O  4-  C2H2O0. 
Malic    Acid,     C^HA     =     C2H3(OH)<^'g2H  ^ 
CO  H 

CH(0H)<^Qjj2  ^  Uxysuccinic  acid. — This  acid  is  formed  syn- 

thetically by  the  action  of  moist  silver  oxide  on  bromosuccinic  acid  : 
C2H3Br(C02H)2  +  AgOH  =  AgBr  -1-  C2H30H(C02H)2 . 

It  is  also  produced  by  deoxidation  of  tartaric  acid,  C4Hg0g,  with 
hydriodic  acid,  and  by  the  action  of  nitrous  acid  on  aspartic  acid, 
C4H7NO4  (amidosuccinic  acid),  or  on  asparagin,  C4HgN203,  which 
is  the  amide  of  the  latter : 

CH(NH2)<gO;%^OH  +  NO.OH  =  CH(0H)<gg0H 

Aspavtic  acid.  ^  ^2  4"  HjO 

CH(NH2)<gg-0c^  jjH^  +  2(N0.0H)  =  CH(OH)<gg-Og).oH 

AsparaRin.  +  SNg  4-  2H2O 


MALIC  ACID. 
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Malic  acid  is  the  acid  of  apples,  pears,  and  various  other  fruits  • 
it  is  often  associated  with  citric  acid.  It  may  be  advantageously 
prepared  from  the  juice  of  the  garden  rhubarb,  in  which  i^  exists 
in  large  quantity,  accompanied  by  acid  potassium  oxalate.  The 
rhubarb  stalks  are  peeled,  and  ground  or  grated  to  pulp,  which  is 
subjected  to  pressiu-e.  The  juice  is  heated  to  the  boiling  point, 
neutralised  with  potassium  carbonate,  and  mixed  with  calciuin 
acetate  :  insoluble  calcium  acetate  then  falls,  and  may  be  removed 
by  nitration.  To  the  clear  and  nearly  colouiiess  liquid,  solution 
of  lead  acetate  is  added  as  long  as  a  precipitate  continues  to  be 
poduced,  and  the  lead  malate  is  collected  on  a  filter,  washed,  dif- 
fused through  water,  and  decomposed  by  sulphuretted  hydrogen. 
The  filtered  liquid  is  carefully  evaporated  to  the  consistence  of  a 
syrup,  and  left  in  a  dry  atmosphere  till  it  becomes  converted  into 
a  solid  and  somewhat  crystalline  mass  of  maUc  acid.  From  the 
berries  of  the  mountain-ash  {So-rbus  aucuparia),  in  which  malic  acid 
is  likewise  present  in  considerable  quantity,  especially  at  the  time 
they  begin  to  ripen,  the  acid  may  be  prepared  by  the  same  pro- 
cess. 

Malic  acid  crystallises  in  groups  of  colourless  prisms,  slightly 
dehquescent  and  very  soluble  in  water  ;  alcohol  also  dissolves  it. 
The  aqueous  solution  has  an  agreeable  acid  taste :  it  becomes  mouldy 
and  spoils  by  keeping. 

Malic  acid,  as  it  exists  in  plants,  and  as  obtained  from  active  tar- 
taric acid,  from  asparagin,  or  from  aspartic  acid  produced  from  the 
latter,  exerts  a  rotatory  action  on  polarised  light ;  [«]  =  -  5° ;  but 
by  the  action  of  nitrous  acid  on  inactive  aspartic  acid  (resulting  from 
the  decomposition  of  fumarimide),  Pastern-  has  obtained  a  modifica- 
tion of  malic  acid  which  is  optically  inactive.  Malic  acid  formed 
from  succinic  acid  is  also  inactive. 

Malic  acid  when  heated  gives  off  water  at  130°,  and  at  175°  a 
distillate  of  maleic  acid  and  maleic  anhydride,  while  fumaric  acid 
remains  behind  (p.  352).  By  slow  oxidation  with  a  cold  solution  of 
potassium  chromate,  it  is  converted  into  maleic  acid  : 

C.HqOs  +  0,  =  CO2  +  H^O  +  CgH.O^. 

Nitric  acid  readily  converts  it  into  oxalic  acid,  with  evolution  of 
carbon  dioxide. 

By  the  action  of  reducing  agents,  most  readily  by  heating 
with  strong  hydriodic  acid,  malic  acid  is  reduced  to  succinic 
acid  ;  also  by  fermentation  of  its  calcium  salt  in  contact  with 
putrefying  cheese,  acetic  acid  and  carbon  dioxide  being  also  pro- 
duced : 

3C4H„05  =  aC^H^O,  +  C,H„02  +  2C0,  +  11,0. 

The  sodium  salt  of  bromomalic  acid,  C,,II,-BrOfl,  obtained  by  boiling 
aa  aqueous  solution  of  sodium  dibromosuccinate,  (CiHgNaBrgOj),  is 
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converted  by  boiling  with  lime-water  into  the  calcium-salt  of  tartaric 
acid,  C4Hg08 : 

C^HsBrOa  +  H^O  =  HBr  -t-  C^HoOg. 

Malic  acid  forms  both  acid  and  neutral  salts.  Those  formed 
from  the  optically  active  acid  are  likewise  active,  some  being 
dextro-,  others  levorotatory.  The  most  characteristic  of  the  malates 
are  acid  ammonium  malate,  C4Hg(NH4)05,  which  crystallises  re- 
markably well,  and  lead  malate,  C^H^PbOs-S  aq.,  which  is  insoluble 
in  pure  water,  but  dissolves  to  a  considerable  extent  in  warm  dilute 
acids,  and  separates  on  cooling  in  brilliant  silvery  crystals  contain- 
ing water.  By  this  character  the  acid  may  be  distinguished.  Acid 
calcium  malate,  C^H^OgCa-C^HgOj  +  SHgO,  is  also  a  very  beautiful 
salt,  freely  soluble  in  warm  water.  It  is  prepared  by  dissolving  the 
sparingly  soluble  neutral  malate  in  hot  dilute  nitric  acid,  and  leav- 
ing the  solution  to  cool. 

Biethylic  malate,  C4H4(C2H5)205,  is  a  liquid  which  is  partially 
decomposed  by  distillation,  and  is  converted  by  acetyl  chloride  into 

diethylic  acetomalate,  C2H3(OC2H30)<^QQ2Q2g^ . 

on  TT  . 

Oxypyrotartaric  Acid,  C6H805=C3H5(OH)<^Qg,  is  pro- 
duced by  boiling  dicyanhydrin,  C3H5(OH)(CN)2  (p.  182)  with  alkalis. 
It  forms  crystals,  easily  soluble  in  water,  alcohol,  and  ether,  and 
melting  at  135°. 

Isomeric  with  it  are  four  bibasic  acids  of  unkno^\Ti  structure, 
called  itamalic,  citramalic,  mesamalic,  and  oxyglutaric  acids. 

Ita-  and  mesamalic  acids  are  formed  by  boiling  the  corre- 
sponding chloropyrotartaric  acids  (p.  349)  with  water  or  solution  of 
sodium  carbonate  : 

C3H6C1(C02H)2  +  HjO  =  HCl  +  C3H,(OH)(C02H)2 . 

Both  form  deliquescent  crystals,  melting  at  60°. 

Citramalic  acid  is  produced  by  the  action  of  zinc  on  chloro- 
citramalic  acid,  CgHjClOj  (formed  by  addition  of  hypochlorous  acid, 
ClOH,  to  citraconic  acid,  CgHg04).    It  is  a  deliquescent  mass. 

Oxyglutaric  acid,  C5Hj(OH)04,  produced  by  the  action  of 
nitrous  acid  on  amidoglutaric  acid,  C5H;(NH2)04,  crystallises  vdth. 
difficulty,  and  is  converted  by  hydriodic  acid  into  glutaric  acid 
(p.  348). 

Amidogluta7-ic     acid,     or     Glutamic    acid,    C5Hj(NH2)04  = 

C3Hg(NH2)-<QQ^g  5  occurs,  together  with  aspartic  acid,  in  the 

molasses  of  sugar-beet,  and  is  formed  by  boiling  albuminous  bodies 
with  dilute  sulphuric  acid.  It  forms  shining  rhombic  octohedrons, 
moderately  soluble  in  water,  insoluble  in  alcohol  and  ether,  meltin^ 
with  partial  decomposition  at  140°.  It  unites  both  -w-ith  bases  and 
with  acids,  and  is  converted  by  nitrous  acid  into  oxyglutaric  acid. 


ACONITIO  ACID. 
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Oxyadipic  Acid,  C^R^oO^  =  Q^lQiK)<^^^,  is  a  deliques- 
cent nituss  formed  by  the  action  of  moist  silver  oxide  on  monobroma- 
dipic  acid. 

Oxymaleic  Acid,  =  C2H(OH)<^Q2g  is  an  unsatu- 

rated triatomic  and  bibasic  acid,  produced  by  the  action  of  silver 
oxide  on  bromomaleic  acid  (p.  352).  It  crystallises  iu  slender 
needles,  easily  soluble  in  water,  alcohol,  and  ether.  An  acid  iso- 
meric with  it  is  formed  from  bromisomaleic  acid. 


TRIATOMIC  AND  TRIBASIC  ACIDS. 

Only  one  saturated  acid  of  this  group  is  knovm,  viz. : 

Tricarballylic  Acid,  CfiHgOg  =  C3H5(CO,H)3,  which  is  m-o- 
(  diiced:  1.  By  heating  allyl  tribromide,  CHgBr— CHBr— CHgBr, 
'  with  potassium  cyanide,  and  decomposing  the  resulting  tricyan- 
1  hydrin  with  potash : 

CHACON)  CH2.CO2H 

I  1 
CH(CN)   -}-  3KH0  =  3CNK  -f-  CH.CO2H 

CH2(CN)  iH2.C02H 

2.  By  the  action  of  sodium-amalgam  on  aconitic  acid,  CgHgOg, 
3.  By  reduction  of  citric  acid,  CgHgOy,  with  hydi-iodic  acid. 
Tricarballylic  acid  crystallises  in  colourless  rhombic  prisms,  easily 

■  soluble  in  water  and  alcohol,  slightly  soluble  in  ether.  The  tri- 
carballylates  of  the  alkali-metals  are  easily  soluble  in  water,  the  rest 

;  insoluble  or  sparingly  soluble.  The  eilujlic  ether,  C3H6(CO.OC2H5)3, 
!  is  a  liquid  boiling  between  295°  and  305°. 

The  following  tribasic  acids  are  unsaturated  compounds  : 

Aconitic  Acid,  CeHgO„  =  CaH3(C02H)3,  exists  in  monk's-hood 
(Aconitum  Napelliis),  and  other  plants  of  the  same  genus,  also  in 

J  Equisetum  fluviatile,  and  is  one  of  the  products  obtained  by  the 
dehydration  of  citric  acid  (p.  353):  CoHgO^  -  HgO  =  CpHgOg. 

'  When  crystallised  citric  acid  is  heated  in  a  retort  till  it  begins  to 
become  coloured,  and  to  undergo  decomposition,  and  the  fused, 

•  glassy  product,  after  cooling,  is  dissolved  in  water,  aconitic  acid 

■  remains  as  a  white,  confusedly  crystalline  mass,  which  may  be 

■  purified  by  converting  it  into  a  lead  salt,  and  decomposing  the 
f  latter  with  hydrogen  sulphide. 

Aconitic  acid  crystallises  in  small  laminoB,  very  soluble  in  water, 
1  alcohol,  and  ether.  It  melts  at  140°,  and  decomposes  at  a  higher 
temperature  into  carbon  dioxide,  itaconic  acid,  and  citraconic  anhy- 
dride.   Nascent  hydrogen  converts  it  into  tricarballylic  acid. 

Aconitic  acid  forms  three  series  of  salts.     The  tertiary  lead- 
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salt,  (CgH30g)2Pb3,  is  insoluble  in  water.  The  calcium  salt, 
(C(;H30o)2Ca3  +  6H20,  which  is  sparingly  soluble,  occurs  abundantly 
in  the  expressed  juice  of  monk's-hood;  the  magnesium  salt  in  that 
of  Equisetum.  The  ethylic  ether,  CgH30g(C2H5)3,  is  a  Uqydi  boiling 
at  about  236°. 

The  isomeric  acid,  aceconitic  acid,  formed  by  the  action  of 
sodium  on  ethylic  monobromacetate,  crystallises  in  slender  needles, 
and  forms  salts  differing  in  some  respects  from  the  aconitates. 

Chelidonic  Acid,  CjB.fiQ  =  CJI(C02ii)s,  occurs  as  a  calcium 
salt,  together  with  malic  and  fumaric  acids,  in  Chelidonium  inajus, 
and  is  extracted  by  boiling  the  juice,  filtering,  adding  nitric  acid, 
precipitating  with  lead  nitrate,  and  decomposing  the  resulting  lead 
salt  with  hydrogen  sulphide.  It  crystallises  in  silky  needles  contain- 
ing 1  molecule  of  HjO,  sparingly  soluble  in  cold  water  and  alcohol. 
It  is  decomposed  by  bromine-water,  yielding  oxaUc  acid,  bromo- 
form,  and  pentabromacetone,  CgHBrgO. 

Meconic  Acid,  0^11407=04110(00211)3  (oxychelidonic  acid), 
is  a  tribasic  acid  existing  in  opiimi.  To  prepare  it,  the  liquid 
obtained  by  exhausting  opium  with  water,  is  neutralised  with 
powdered  marble  and  precipitated  by  calcium  chloride;  and  the 
calcium  meconate  thus  precipitated  is  suspended  in  warm  water  and 
treated  with  hydrochloric  acid ;  on  cooling,  impure  meconic  acid 
crystallises,  and  may  be  purified  by  repeated  treatment  with  hydro- 
chloric acid.  The  pure  acid  crystallises  in  mica-like  plates,  easily 
soluble  in  boiling,  difficultly  soluble  in  cold  water,  soluble  like\\-ise 
in  alcohol.  The  crystals  contain  O7H4O7  -1-  SHjO,  and  give  off  their 
water  at  100°;  the  dehydrated  acid  melts  at  150°. 

Meconic  acid  forms  three  series  of  salts.  There  are  two  silver 
meconates,  one  yellow,  containing  07HAg307 ;  the  other  white,  con- 
sisting of  OjHgAggOy.  Meconic  acid  produces  a  deep  red  colour 
with  ferric  salts.  By  the  action  of  sodium-amalgam  it  is  conv^erted 
into  hydromeconic  acid,  CyHjoOy . 

Comenic  Acid,  OgH^Og,  is  a  product  of  decomposition  of  me- 
conic acid.  When  an  aqueous,  or,  better,  a  hydrochloric  solution 
of  meconic  acid  is  boiled,  carbon  dioxide  is  evolved,  and  the  solution 
now  contains  comenic  acid,  which  crystallises  on  cooling,  being 
very  difficultly  soluble  in  cold  water.  The  same  acid  may  be 
obtained  by  heating  meconic  acid  to  200°.  It  is  bibasic :  its  forma- 
tion is  represented  by  the  equation  OjH^Oj  =  CgHiOg  +  OOj . 

Pyromeconic  or  Pyrocomenic  Acid,  C5H4O3,  is  a  monobasic 
acid,  formed  l)y  submitting  either  comenic  or  meconic  acid  to  dry 
distillation,  one  molecule  of  carbon  dioxide  being  evolved  in  the 
former  case  and  two  in  the  latter. 

Pyrocomenic  acid  is  a  weak  acid ;  it  is  soluble  in  water  and 
alcohol :  from  these  solutions  it  crystallises  in  long  colourless 
needles,  which  melt  at  120°,  and  begin  to  sublime  at  the  boiling 
point  of  water.  Both  comenic  and  pyrocomenic  acids  exhibit  the 
red  coloration  with  feuic  salts. 
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Tetratomic  Acids. 

These  acids  may  be  derived  from  tetratomic  alcohols  by  substi- 
tution of  oue,  two,  three,  or  four  atoms  of  oxygen  for  a  correspond- 
,  ing  number  of  hydi'ogen  molecules : 


CH,OH 

CH2OH 

COOH 

1 

CHOH 

1 

CHOH 

c!hoh 

1 

CHOH 

1 

CHOH 

1 

CHOH 

CHjOH 

COOH 

i 

COOH 

Erythrite. 

Ei'ythritic  acid 
(raonolDasic). 

Tartaric  acid 
(bibasic). 

Only  one  tetratomic  acid  has,  however,  been  actually  formed  by 
!  oxidation  of  the  corresponding  alcohol,  namely,  erythritic  acid, 
.  C4Hg05,  from  erythxite,  C^HiqO^. 

The  Icnown  tetratomic  acids  belonging  to  the  fatty  group  are — 


Erythritic  acid,  C^HgOg 
Dioxymalonic,  CgH^Og 
Tartaric,  CjHgOg 
Homotartaric,  C^HgOg 
Citric,  CeHgO; 


monobasic. 


bibasic. 


tribasic 


Erythritic  Acid,  C4H8O5  =  C3H4(OH)3.C02H,  formed  by  the 
■  oxidation  of  erythrite,  CJi^^O^  (p.  186),  in  aqueous  solution  in  con- 
:  tact  with  platinum  black,  is  a  deliquescent  crystalline  mass,  and  is 
capable  of  forming  salts  containing  2  ecj^uivalents  of  metal. 


Dioxymalonic  Acid,  CgH^Og 


C(OH),<g0^g, 


formed  by 


the  action  of  moist  silver  oxide  or  dibromomalonic  acid,  is  probably 
identical  with  the  hydrate  of  mesoxalic  acid  (p.  3i4). 


Tartaric  Acid,  CJIqOq  = 


CHOH— CO2H 


Ahoh— ( 


CO,H 


^■^^^i  I  (CO^H)^ 


— This  formula  includes  four  bibasic  acids,  distinguished  from  one 
another  by  certain  physical  properties,  especially  by  their  crystal- 
line forms,  and  their  action  on  polarised  light — namely,  Dextro- 
taric  acid,  which  turns  the  plane  of  polarisation  to  the  right; 
Levotartaric  acid,  which  turns  it  to  the  left  with  equal  force  ; 
Paratartaric  or  Racemic  acid,  which  is  optically  inactive, 
and  separable  into  equal  quantities  of  dextro-  atid  levotartaric 
acids  ;  and  an  inactive  variety  of  tartaric  acid,  which  is  not  thus 
separable. 
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L  Dextrotartaric  or  Ordinary  Tartaric  Acid. — This  is  the 
acid  of  grapes,  tamarinds,  pine-apples,  and  several  other  fruits,  in 
which  it  occurs  in  the  state  of  an  acid  potassium-salt ;  calcium 
tartrate  is  also  occasionally  met  with.  The  tartaric  acid  of  com- 
merce is  wholly  prepared  from  tartar  or  argol,  an  impure  acid 
potassium  tartrate,  deposited  from  wine,  or  rather  from  grape-juice 
in  the  act  of  fermentation.  This  substance  is  purified  by  solution 
in  hot  water,  with  the  aid  of  a  little  pipe-clay  and  animal  charcoal, 
to  remove  the  colouring  matter  of  the  wine,  and  subsequent  crys- 
tallisation: it  then  constitutes  cream  of  tartar,  and  serves  for  the 
preparation  of  the  acid.  The  salt  is  dissolved  in  boiling  M^ater,  and 
powdered  chalk  is  added  as  long  as  effervescence  is  excited,  or  the 
liquid  exhibits  an  acid  reaction  ;  calcium  tartrate  and  neutral 
potassium  tartrate  are  thereby  produced,  and  the  latter  is  sepa- 
rated from  the  former,  which  is  insoluble,  by  filtration.  The  solu- 
tion of  potassium  tartrate  is  then  mixed  with  excess  of  calcium 
chloride,  which  throws  down  all  the  remaining  acid  in  the  form 
of  calcium-salt;  this  is  washed  and  added  to  the  former  portion, 
and  the  whole  is  digested  with  a  sufficient  quantity  of  dilute  sul- 
phuric acid  to  withdraw  the  base,  and  liberate  the  tartaric  acid. 
The  filtered  solution  is  cautiously  evaporated  to  a  syrupy  consist- 
ence, and  left  to  crystallise  in  a  warm  place.  Liebig  found  that 
tartaric  acid  is  artificially  produced  by  the  action  of  nitric  acid  upon 
milk  sugar. 

Tartaric  acid  forms  coloiMess,  transparent  monoclinic  prisms  often 
of  large  size ;  they  are  permanent  in  the  air,  and  inodorous  ;  they 
dissolve  with  great  facility  in  water,  both  hot  and  cold,  and  are 
soluble  also  in  alcohol.  The  solution  reddens  litmus  strongly,  and 
has  a  pure  acid  taste.  The  aqueous  solution,  as  above  mentioned, 
exhibits  right-handed  polarisation.  This  solution  is  gradually 
spoiled  by  keeping.  The  crystallised  acid  melts  at  135°,  is  converted 
at  170°  into  optically  inactive  mesotartaric  acid,  and  when  heated 
for  some  time  to  180°  gives  oflF  water,  and  yields  anhydi-ides  (p.  367). 
Tartaric  acid  is  consumed  in  large  quantities  by  the  calico-printer, 
being  employed  to  evolve  chlorine  from  solution  of  bleaching  powder, 
in  the  production  of  white  or  discharged  patterns  upon  a"  coloured 
ground. 

Tartrates.  — Tartaric  acid  being  tetratomic  and  bibasic,  has  only 
two  hydrogen  atoms  replaceable  by  metals,  the  other  two  being  re- 
placeable by  alcoholic  or  acid  radicles.  With  monad  metals  it 
forms  acid  and  neutral  salts,  C4HjM'0fi,  and  C^H^MgOg ;  with 
dyad  metals,  neutral  salts,  C4H^M"0g,  and  double  salts,  like  haiio- 
potassic  tartrate,  C^HjBaOg.CjH^KgOg.  "With  triad  metals  it  forms 
a  peculiar  class  of  salts,  best  known  in  the  case  of  the  antimony-salt 
(p.  365). 

Potassium  Tartrates. — The  neutral  salt,  C4H4K20g,  may  be 
obtained  by  neutralising  cream  of  tartar  with  chalk,  as  in  the  pre- 
paration of  the  acid,  or  by  saturating  cream  of  tartar  with  potas- 
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si  urn  carbonate  ;  it  is  very  soluble,  and  crystallises  with  difficulty 
iiL  right  rhombic  prisms,  which  are  permanent  in  the  air,  and  have 
i  bitter,  saline  taste.  The  acid  salt,  or  cream  of  tartar,  C4HrK0 
Lhe  origin  and  preparation  of  which  have  been  already  described' 
lorms  irregular  groups  of  small  transparent  or  translucent  prismatic 
crystals  which  grate  between  the  teeth.  It  dissolves  pretty  freely 
in  boiling  water,  but  the  greater  part  separates  as  the  solution  cools 

■aving  about  ^  or  less  dissolved  in  the  cold  liquid.  The  salt  has 
111  acid  reaction  and  a  sour  taste.    When  exposed  to  heat  in  a  close 

L'ssel  it  is  decomposed,  with  evolution  of  inflammable  gas,  leavin<T 
.1  mi.\:ture  of  finely  divided  charcoal  and  pm-e  potassium  carbonate, 
from  which  the  latter  may  be  extracted  by  water.  Cream  of  tartar 
isi  almost  always  produced  when  tartaric  acid  in  excess  is  added  to 
I  moderately  strong  solution  of  a  potassium- salt,  and  the  whole 
-itated. 

Sodium  Tartrates. — Two  of  these  salts  are  known — a  neutral 
'nit,  C^H.NaoOg  +  aaq. ;  and  an  acid  salt,  CsH^NaOg  +  aq .    Both  are 
isily  soluble  in  water,  and  crystallisable.     Tartaric  acid  and 
'dium  bicarbonate  form  the  ordinary  effervescing  draughts. 

Potassium  and  Sodium   tartrate;   Eochelle  or  Seignette  salt 
I  ',H4KNaOg-l-4  aq.— This  beautiful  salt  is  made  by  neutralising  a 
:'>t  solution  of  cream  of  tartar  with  sodium   carbonate,  and 
vaporating  to  the  consistence  of  thin  syrup.     It  separates  in 
large,  transparent  rhombic  prisms  with  hemihedral  faces  ;  they 
■  effloresce  slightly  in  the  air,  and  dissolve  in  1|  parts  of  cold  water. 
Acids  precipitate  cream  of  tartar  from  the  solution.    Rochelle  salt 
has  a  mild  saline  taste,  and  is  used  as  a  purgative. 

Ammonium  Tartrates. — The  neutral  tartrate  is  a,  soluble  and 
•  efflorescent  salt,  containing  C4H4(NH4)20e  +  aq.    The  acid  tartrate, 
'  ^i^5(^^d^6>  closely  resembles  ordinary  cream  of  tartar.    A  salt 
analogous  to  Rochelle  salt  also  exists,  having  ammonium  in  place 
'  of  sodium. 

The  tartrates  of  calcium,  barium,  strontium,  Tnagnesium,  and  of 
I  most  of  the  heavy  metals,  are  insoluble,  or  nearly  so,  in  water. 

Potassio-antimonious  Tartrate,  or  Tartar  emetic,is  easily  made 
'  by  boiling  antimony  trioxide  in  solution  of  cream  of  tartar :  it  is  de- 
i  posited  from  a  hot  and  concentrated  solution  in  rhombic  octohedrons, 
which  dissolve  without  decomposition  in  15  parts  of  cold  and  3  of  boil- 
1  ing  water,  and  have  an  acrid  extremely  disagreeable  metallic  taste. 

The  solution  is  decomposed  by  both  acids  and  alkalis :  the  former 
I  throws  down  a  mixture  of  cream  of  tartar  and  antimony  trioxide, 
'  and  the  latter  the  trioxide,  which  is  again  dissolved  by  great  ex- 
cess of  the  reagent.  Sulphuretted  hydrogen  separates  all  the  anti- 
I  mony  hi  the  state  of  trisldphide.  The  dry  salt  heated  on  charcoal 
I  before  the  blowpipe,  yields  a  globule  of  nietallic  antimony.  The 
crystals  contain  2C.jH4K(S))0)Oo  +  aq.,  the  group  SbO  acting  as  a 
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imiralent  radicle,  and  replacing  one  atom  of  hydrogen.  When 
dried  at  100°,  they  give  off  their  water  of  crystallisation,  and 
at  200°  an  additional  molecule  of  water,  leaving  the  compound, 
C4H2K(SbO)05,  which  has  the  constitution  of  a  salt,  not  of  tartaric, 
but  of  tartrehc  acid,  C4H4O5.  Nevertheless,  when  dissolved  in 
water,  the  crystals  again  take  up  the  elements  of  water,  and  re- 
produce the  original  salt. 

An  analogous  compound,  containing  arsenic  in  place  of  antimony, 
has  been  obtained.  It  has  the  same  crystalline  form  as  tartar 
emetic. 

A  solution  of  tartaric  acid  dissolves  ferric  hydrate  in  large 
quantity,  forming  a  brovm  liquid,  which  has  an  acid  reaction,  and 
dries  up  by  gentle  heat  to  a  bro^\Ti,  transj^arent,  glassy  substance, 
destitute  of  all  traces  of  crystallisation.  It  is  very  soluble  in 
water,  and  the  solution  is  not  precipitated  by  alkalis,  either  fixed 
or  volatile.  Indeed,  tartaric  acid,  added  in  sufficient  quantity 
to  a  solution  of  ferric  oxide,  or  alumina,  entirely  prevents  the 
precipitation  of  the  bases  by  excess  of  ammonia.  Tartrate  and 
ammoniacal  tartrate  of  iron  are  used  in  medicine,  these  compounds 
having  a  less  disagreeable  taste  than  most  of  the  iron  prepara- 
tions. 

Solutions  of  tartaric  acid  give  with  lime  and  baryta-water,  and 
with  lead  acetate,  white  precipitates,  which  dissolve  in  excess  of 
the  acid  ;  with  neutral  calcium  and  barium  salts  no  change  is  pro- 
duced. Silver  nitrate  produces  in  neutral  tartrates  a  white  pre- 
cipitate of  silver  tartrate,  which  dissolves  in  ammonia.  On  gently 
heating  the  solution,  a  bright  metallic  deposit  of  silver  is  formed. 
The  reaction  of  tartaric  acid  with  solutions  of  potassium  salts  has 
been  already  noticed. 

Tartaric  Ethers. — 1.  Tartaric  acid  forms,  with  monatomie 
alcohol-radicles,  acid  and  neutral  ethers,  in  which  one  or  both  of 
the  atoms  of  basic  hydrogen  in  its  molecule  is  replaced  bj"  an 
alcohol-radicle.    These  compounds  may  he  formulated  as  foUows : 

(^M'&oh  ^^^^4cfcA  ^''^''-'K(C?AH.). 

Tartaric  acid.  Acid  etliyl  tartrr.te.  Neutral  ethyl  tartrate. 

The  acid  ethers  are  monobasic  acids,  formed  by  the  direct  action  of 
tartaric  acid  on  the  respective  alcohols ;  the  neutral  ethers  are 
formed  by  passing  hydrochloric  acid  gas  into  a  solution  of  tartaric 
acid  in  an  alcohol.  Further,  by  treating  these  neutral  ethers  with 
chlorides  of  acid  radicles,  other  neutral  ethers  are  formed,  in  which 
one  or  more  of  the  alcohohc  hydrogen-atoms  are  replaced  by  acid 
radicles.*  In  this  manner  are  formed  such  compounds  as  the 
following : 

*  Perkiu,  Chem.  Soc.  Joum.  [2J,  v.  139. 
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OH  (  OC2H3O        frv^^i  (OH 


(C,H,)    OC  H3O       (C,H.)   OCXO        ^2H,  o,C,H,0.,) 

((C0AH,)2         ((co^H,)^  (^^^^^UfcoAH.), 

Ethyl  aceto-tartrate.  Ethyl  aceto-benzo-  Ethyl-succino-  " 

tartrate.  tartrate. 

The  calcoholic  hydrogen  in  these  neutral  ethers  may  be  replaced  by 
potassium  and  sodium. 

2.  There  are  also  bibasic  tartaric  ethers  formed  by  replacing  the 
alcoholic  hydi-ogen  of  tartaric  acid  with  acid  radicles  ;  e.g.,  " 

(  OH 

(C,H,)    OC,H,0       (C,H,)  j  f^^^JJf  )2      (C,H,)  {  (0N§), 

Benzotartaric  Diacetotartaric  Dinitrotartaric 

acid.  acid.  acid. 

3.  Lastly,  tartaric  acid  forms  ethers  with  glycol,  glycerin,  man- 
mte,  glucose,  and  other  polyatomic  alcohols. 

Dinitrotartaric  acid,  G,R,{0.-SO,\<:^^^,  in  which  both  the 

alcohohc  hydrogen-atoms  of  tartaric  acid  are  replaced  by  N0„  is 
formed  by  dissolving  finely  pulverised  tartaric  acid  in  strong  nitric 
acid,  and  adding  sulphuric  acid :  it  then  separates  as  a  jelly,  which 
cb-ies  up  to  a  white  shining  mass.  It  is  soluble  in  water,  and  the 
solution  when  heated  yields  tartronic  acid  (p.  358). 

Tartaric  Anh^jdrides.—When  crystallised  tartaric  acid  is  ex- 
posed to  a  temperature  of  about  204°,  it  melts,  loses  water,  and 
yields  in  succession  three  different  anhydrides,  viz. : 

Insoluble  tartaric  anhydride,    .  j  O4H4O5  =  C^HgOg  -  HgO 

The  first  two  are  soluble  in  water,  and  form  salts  which  have  pro- 
perties completely  different  from  those  of  ordinary  tartaric  acid. 
Ihe  third  is  a  white  insoluble  powder.  All  three,  in  contact  with 
water,  slowly  pass  into  ordinary  tartaric  acid. 

Tartaric  acid,  subjected  to  destructive  distillation,  is  resolved  into 
carbon  dioxide  and  pyrotartaric  acid,  C,HgO,. 

When  tartaric  acid!  is  heated  to  204-5°,  with  excess  of  potassium 
n/droxicle,  it  is  resolved,  without  charring  or  secondary  decomposi- 
noTi,  into  oxahc  and  acetic  acids,  which  remain  in  union  with  the 
uase,  and  undergo  decomposition  at  a  much  higher  temperature : 


OAO,,    +    2KH0    =    C2KHO,    +    C.HsKO^    +    SH^O . 

Acid  potas-  Pota.ssium 
slum  oxalate.  acetate. 

.  2.  Levotartaric  Acid.— This  acid  resembles  dextrotartaric  acid 
in  every  respect,  except  that  it  turns  the  plane  of  polarisation  to  the 
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left,  and  that  its  salts,  as  well  as  the  acid  itself,  though  isomorphous 
with  the  corresponding  dextro-tartrates,  contain  oppositely  situated 
hemihedral  faces  (see  helow). 

3.  Parataetaric  or  Eacemic  Acid.— This  acid  occurs,  together 
with  ordinary  tartaric  acid,  in  the  grapes  cultivated  in  certain  dis- 
tricts of  the  Upper  Rhine  and  in  the  Vosges.  To  separate  it,  the 
mother  liquor  of  the  argol,  obtained  from  these  grapes,  is  boiled  with 
chalk,  the  calcium  salt  which  separates  is  decomposed  by  sulphuric 
acid,  and  the  filtrate  is  evaporated  to  the  crystalUsing  pomt.  The 
crystals  of  racemic  acid  being  efflorescent,  are  easily  separated  by 
mechanical  means  from  the  shiarag  crystals  of  ordinary  tartaric 

acid.  . 

Racemic  acid  may  be  formed  artificially  by  oxidismg  mannite, 
dulcite,  or  mucic  acid  with  nitric  acid,  and  synthetically  by  boiling 
glyoxal  with  hydrocyanic  acid  and  a  small  quantity  of  hydrochloric 
acid : 

COH  CH(OH)— CO,H 

I        +  2CNH  +  4H„0  =  2NH3  +    I  ; 
COH  CH(0H)-C02H 

further,  together  with  inactive  tartaric  acid,  by  boiling  dibromosuc- 
sinic  acid  with  silver  oxide  and  water : 

CHBr-CO,H  CH(OH)-CO,H 
I  +  2AgOH  =  2AgBr  +    |  : 

CHBr-CO,H  CH(OH)-CO,H 

most  readily,  however,  by  heating  ordinary  tartaric  acid  with  about 
one-tenth  of  its  weight  of  water  to  170°-180°  m  sealed  vessels,  the 
dextro tartaric  acid  being  thereby  completely  converted  into  inactive 
tartaric  and  racemic  acids,  which  may  be  separated  by  crystallisation, 
the  racemic  acid  being  much  the  less  soluble  of  the  two. 

The  conversion  of  tartaric  acid  into  racemic  acid  was  originally 
effected  by  Pasteur,  by  heating  ethyl  tartrate  or  cinchonine  tartrate  to 
about  170°.  On  repeatedly  boiling'^ the  product  with  water,  and  mix- 
ing the  cooled  solution  with  excess  of  calcium  chloride,  a  considerable 
precipitate  of  calcium  racemate  is  obtained. 

Racemic  acid  crystallises  with  1  molecule  of  water  in  rhombic 
prisms,  which  give  off  their  water  at  100°.  It  is  somewhat  less 
soluble  in  water  than  ordinary  tartaric  acid,  and  has  no  action  on 
polarised  light.  It  is  in  fact  a  compound  of  dextro-  and  levotai'taric 
acids  in  equal  quantities,  and  may  be  resolved  into  those  acids 
through  the  medium  of  some  of  its  double  salts. 

When  racemic  acid  is  saturated  with  potash  or  soda,  or  any  other 
sin'^le  base,  a  salt  is  obtained,  all  the  crystals  of  which  are  identicjil 
in  form  and  in  physical  properties ;  but  by  saturating  racemic  acid 
with  two  bases,  as  with  soda  and  ammonia,  or  by  mixing  the  race- 
mates  of  sodium  and  of  ammonium  in  equivalent  proporUons,^^^ 
evaporating  the  solution,  crystals  of  a  double  salt,  C4H406lSa(JNii;4, 
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having  its 


nre  obtcainecl,  analogous  to  Roclielle  salt,  the  form  of  which  is  shown 
in  figure  16.  It  is  a  right  rectangular  prism,  P,  M,  T  ' 
lateral  edges  replaced  by  the  faces 
//,and  the  intersection  of  these  latter 
faces  with  the  face  T  replaced  by 
a  face  h.  If  the  crystal  were  holo- 
Iiedral,  there  would  be  eight  of 
these  h  faces,  four  above  and  four 
below;  but,  as  the  figures  show, 
there  are  but  four  of  them,  placed 
alternately.  Moreover,  these  he- 
niihedral  faces  occupy  in  different 
crystals  of  the  salt,  not  in  similar  but 
opposite  or  symmetrical  positions, 
the  one  kind  of  crystal  being  as  it  were  the  reflected  image  of  the  other. 

Further,  by  carefully  picking  out  these  two  kinds  of  crystals  and 
'lissolving  them  separately  in  water,  solutions  are  obtained,  which, 
at  the  same  degree  of  concentration,  exert  equal  and  opposite 
actions  upon  polarised  light,  the  one  deiiecting  the  plane  of  polari- 
ition  to  the  right,  the  other  by  an  equal  amount  to  the  left.  More- 
•ver,  the  solutions  of  the  right-  and  left-handed  crystals,  when 
evaporated,  yield  crystals,  each  of  its  own  kind  only ;  and  by  mix- 
ing the  solutions  of  these  crystals  with  calcium  chloride,  calcium 
salts  are  obtained  which,  when  decomposed  by  sulphuric  acid,  yield 
acids  agreeing  with  each  other  in  composition  and  in  every  other 
respect,  excepting  that  •  their  crystalline  forms  exhibit  opposite 
hemihedral  modifications,  and  their  solutions,  when  reduced  to  the 
same  degree  of  concentration,  exert  equal  and  opposite  effects  on 
polarised  light.  One  of  these  acids  is  in  fact  dextrotartaric,  the 
other  levotartaric  acid.  A  mixture  of  equal  parts  of  these  two 
acids  has  no  longer  the  slightest  effect  on  polarised  light,  and  is  in 
every  respect  identical  with  racemic  acid. 

4.  Inactive  Tartaric  Acid  or  Mesotartaric  Acid,  is  formed 
by  oxidising  sorbin  (p.  195)  with  nitric  acid  ;  also,  together  with 
racemic  acid,  from  dibromosuccinic  acid,  and  from  glyoxal  (jd.  256) ; 
but  it  is  most  easily  prepared  by  heating  ordinary  tartaric  acid  with 
a  little  water  to  1 65°  for  two  days.  It  is  separated  from  imaltered 
tartaric  acid,  and  from  simultaneously  formed  racemic  acid,  by  con- 
verting it  into  the  acid  potassium  salt,  which  is  very  soluble  in 
water. 

Inactive  tartaric  acid  is  much  more  soluble  in  water  than  ordin- 
ary tartaric  or  racemic  acid  (10  parts  of  it  dissolve  in  8  parts  of 
water  at  15°).  It  does  not  deflect  the  plane  of  polarisation,  but 
differs  from  racemic  acid  in  not  being  resolvable  into  the  two  active 
acids.  When  heated  to  170°,  however,  it  is  converted  into  dextro- 
tartaric acid. 

Homotartaric  Acid,  CgHgOo  =  C„H4(OH)2<Qofn '  ^^'^'^^^ 
very  little  is  known,  is  fonned  from  dibromopyrotartaric  acid.  » 
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Rhodizonic  Acid,  CjH^Og. — When  potassium  is  heated  in  a 
stream  of  dry  carbon  monoxide,  the  latter  is  absorbed  in  large 
quantity,  and  a  black  porous  substance  generated,  which,  according 
to  Brodie,  contains  COK3.  Brought  in  contact  with  water  it  decom- 
poses with  great  violence,  and  even  the  dry  substance  occasionally 
explodes ;  when  anhydrous  alcohol  is  poured  upon  it,  a  great  eleva- 
tion of  temperature  ensues,  but  the  decomposition  is  far  less  violent 
than  with  water.  The  product  of  this  reaction  is  potassium  rhodi- 
zonate,  which  remains  as  a  red  powder,  insoluble  in  alcohol,  but 
soluble  in  water  with  a  deep  red  colour.  This  salt  probably  con- 
tains C5H2K2O5. 

When  solution  of  potassium  rhodizonate  is  boiled,  it  becomes 
orange-yellow  fi-om  decomposition  of  the  acid,  and  is  then  found  to 
contain  free  potash,  and  a  salt  of  Croconic  acid,  CgHgO,;.  This 
acid  can  be  isolated ;  it  is  yellow,  easily  crystallisable,  soluble  both 
in  water  and  alcohol.    It  is  likewise  bilaasic. 

Citric  Acid,  C.HgOy  =  C3H4(OH)2(C02H)3.-^Thi8  acid  is  ob- 
tained in  large  quantities  from  the  juice  of  lemons ;  it  is  found  m 
many  other  fruits,  as  in  gooseberries,  currants,  &c.,  in  conjimction 
with  malic  acid.  To  prepare  it,  the  juice  is  allowed  to  ferment  a 
short  time,  in  order  that  mucilage  and  other  impurities  may  separate 
and  subside ;  the  clear  liquor  is  then  carefully  saturated  with  chalk, 
whereby  insoluble  calcium  citrate  is  produced.  This  is  thoroughly 
washed,  decomposed  by  the  proper  quantity  of  sulphirric  acid 
diluted  with  water,  and  the  filtered  solution  is  evaporated  to  a 
small  bulk,  and  left  to  crystallise.  The  product  is  drained  from 
the  mother-liquor,  redissolved,  digested  with  animal  charcoal,  and 
again  concentrated  to  the  crystallising  point.  The  acid  has  not  yet 
been  obtained  by  any  synthetical  process. 

Citric  acid  crystallises  in  two  different  forms.  The  crystals  which 
separate  by  spontaneous  evaporation  from  a  cold  satiu\ited  solution, 
are  trimetric  prisms,  containing  CgHgOy.HjO,  whereas  those  which 
are  deposited  from  a  hot  solution  have  a  different  form,  and  contain 
aCeHgOf.HgO. — Citric  acid  has  a  pure  and  agi-eeable  acid  taste,  and 
dissolves,  with  great  ease,  in  both  hot  and  cold  water ;  the  solution 
strongly  reddens  litmus,  and  when  long  kept,  is  subject  to  spont<a- 
neous  change.  Citric  acid,  when  brought  in  contact  with  putrid 
flesh  as  a  ferment,  yields  butyric  acid  and  small  quantities  of  suc- 
cinic acid.  It  is  entirely  decomposed  when  heated  with  sulphuric 
and  nitric  acids  :  the  latter  converts  it  into  oxalic  acid.  Caustic 
potash,  at  a  high  temperature,  resolves  it  into  acetic  and  oxalic 
acids.  The  alkaline  citrates,  treated  with  chlorine,  yield  chloroform, 
together  with  other  products. 

Citric  acid  is  tetratomic  and  tribasic.  With  potassium  it  forms  a 
neutral  salt  containing  CgHflKeO-,  and  two  acid  salts  containing 
respectively  CoHoKaO*  and  CoH-KOj ;  and  similar  salts  with  the 
obher  alkali-metals.  With  dyad  metals  it  chiefly  forms  salts  in 
which  two  or  three  hydrogen-atoms  in  the  molecule  CgHsO^,  ai-e 
replaced  by  metals ;  with  calcium,  for  example,  it  forniB  the  salts 
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Ci^H^CaO^  +  Il.fi  and  (0^11.0^)^11^ + II fi .  With  lead  it  forms  two 
salts  similar  in  constitution  to  the  calcium  salts,  and  likewise  a 
tetrapUunbic  salt  containing  (CQH,;07)2Pb3.PbH202 . 

The  citrates  of  the  alkali-metals  are  soluble,  and  crystallise  with 
greater  or  less  facility;  those  of  barium,  strontium,  calcium,  lead,  and 
silver  are  insoluble. 

Citric  acid  resembles  tartaric  acid  in  its  relations  to  ferric  oxide, 

Preventing  the  precipitation  of  that  substance  by  excess  of  ammonia! 
'he  citrate  obtained  by  dissolving  hydrated  ferric  oxide  in  solution 
of  citric  acid,  dries  up  to  a  pale-brown,  transparent,  amorphous 
mass,  which  is  not  very  soluble  in  water  ;  an  addition  of  ammonia 
increases  the  solubility.  Citrate  and  ammonio-citrate  of  iron  are 
used  as  medicinal  preparations. 

Citric  acid  is  sometimes  adulterated  with  tartaric  acid  :  the  fraud 
is  easily  detected  by  dissolving  the  acid  in  a  little  cold  water,  and 
adding  to  the  solution  a  smaU  quantity  of  potassium  acetate.  If 
tartaric  acid  be  present,  a  white  crystalline  precipitate  of  cream  of 
tartar  will  be  produced  on  agitation.  Citric  acid  is  further  distin- 
guished from  tartaric  acid  by  the  characters  of  its  calcium  salt.  An 
aqueous  solution  of  citric  acid  is  not  precipitated  by  lime-water  in 
the  cold,  but  on  boiling  a  precipitate  is  formed,  consisting  of  tri- 
calcic  citrate,  insoluble  in  potash-ley.  Calcium  tartrate,  on  the 
other  hand,  dissolves  in  alkalis,  and  is  precipitated  therefrom  as  a 
jelly  on  boiling. 

Citric  acid  forms  ethers  in  which  1,  2,  or  3  hydrogen-atoms  are 
replaced  by  methyl  and  other  monad  alcohol-radicles.  The 
neutral  ethers  are  formed  by  passing  gaseous  hydrogen  chloride 
into  an  alcoholic  solution  of  citric  acid.  The  trinietJujlic  ether, 
C3H4(OH)(C02.CH3),  is  crystalline';  the  triethylic  ether  boils,  with 
partial  decomposition,  at  about  280°. 

By  treating  these  neutral  ethers  with  acetyl  chloride,  the  alcoholic 
hydrogen  may  also  be  replaced,  and  triethylic  acetocitrate, 
C3H4(O.C2H30)(C02C2H5)3,  produced,  which  boils  at  288°.  By 
treating  the  same  ethers  with  nitric  acid,  the  alcoholic  hydrogen 
may  be  replaced  by  NOg. 

Pentatomic  Acids. 

Of  these  only  one  is  known,  viz.,  the  bibasic  acid, 

Aposorbicacid,  C5H807  =  C3H3(OH)3<gg2g ,  which  may  be 

regarded  as  a  trioxypyrotartaric  acid.  It  is  produced  by  oxidising 
sorbin  with  nitric  acid,  and  crystallises  in  small  laminoe,  easily 
soluble  in  water,  and  melting  with  decomposition  at  about  110°. 


Hexatomic  Acids. 
Gluconic  Acid,  C„H,  07=Ci;H„(OH),.C02H,  is  obtained  by 
oxidismg  grape-sugar  with  chlorine- water  and  removing  the  chloriii'e^ 


n 


372 


FATTY  GROUP:  HBXATOMIC  ACIDS. 


with  silver  oxide.  It  is  a  non-crystallisable  syrup,  easily  soluble  m 
water,  and  nearly  insoluble  in  alcohol.  It  is  monobasic.  Its  cal- 
cium and  barium  salts  and  the  ethylic  ether  crystallise  well ;  the 
formula  of  the  calcium  salt  is  (CeHii07)2Ca+2H20 . 

Mannitic  Acid,  C6HiA  =  C5H6(OH)5.C02H,  is  produced  by 
oxidation  of  mannite,  CeHi^Og,  under  the  influence  of  platinum 
black.  It  is  a  gummy  mass,  soluble  in  water  and  in  alcohol, 
insoluble  in  ether.  According  to  its  mode  of  formation  it  might  be 
expected  to  be  monobasic  : 

Mannite,  CH2OH— (CHOH)  — CHjOH 
Mannitic  acid,  CHgOH— (CHOH)^— COOH  ; 

but  from  the  observations  of  Gorup-Besanez,  who  discovered  it,  it 
appears  to  be  bibasic,  its  potassium  salt  containing  CgHioKgO^,  and 
the  calcium  salt,  CgH^QCaOy. 

Saccharic  Acid,  CeHioOg  =  (C,H,)  j  jcoife),  =  ^^'^^  ~ 
(CHOH),— CO.OH.— This  acid  is  produced  by  the  action  of  dilute 
nitric  acid  on  cane  sugar,  glucose,  miLk-sugar,  and  mannite,  and  is 
often  formed  in  the  preparation  of  oxalic  acid,  being,  from  its 
superior  solubility,  found  in  the  mother-liijuor  from  which  the 
oxalic  acid  has  crystallised.  It  may  be  made  by  heating  together 
1  part  of  sugar,  2  parts  of  nitric  acid,  and  10  parts  of  water.  When 
the  reaction  seems  terminated,  the  acid  Liquid  is  diluted  and  neutral- 
ised with  chalk  ;  the  filtered  liquid  is  mixed  with  lead  acetate  ;  and 
the  insoluble  lead  saccharate  is  washed,  and  decomposed  by  sul- 
phuretted hydrogen.  The  acid  slowly  crystallises  from  a  solution 
of  syrupy  consistence  in  long  colourless  needles;  it  has  a  sour 
taste,  and  forms  soluble  salts  with  lime  and  baryta.  When  mixed 
with  silver  nitrate  it  gives  no  precipitate,  but,  on  the  addition  of 
ammonia,  a  white  insoluble  substance  separates,  which,  on  gently 
warming  the  whole,  is  reduced  to  metallic  silver,  the  vessel  being 
lined  with  a  smooth  and  brilliant  coating  of  the  metal.  Nitric  acid 
converts  saccharic  into  oxalic  and  dextrotartaric  acids. 

There  are  two  potassium  saccharatcs,  containing  CgHgKOg  and 
CeHgKgOg ;  the  silver-salt  contains  CgHgAgjOg ;  the  harium,  mag- 
nesium, zinc,  and  cadmium/  salts  have  the  composition  CgHsM'''Og ; 
and  there  are  two  ethylic  ethers,  containing  C6H9(C2H5)Og  and 
C(;Hg(C2H5)208.  In  these  compounds  saccharic  acid  appears  to  be 
bibasic,  as  might  be  expected  from  its  constitution,  and  mode  of  forma- 
tion ;  the  composition  of  the  lead-salts,  hoM^ever,  seems  to  show  tbafc 
it  is  sexbasic  as  weU  as  liexatomic,  for  Heintz  has  obtained  a  lead- 
salt  containing  CeH4Pb30g ;  but  the  composition  of  the  lead  sac- 
charates  varies  considerably  according  to  the  manner  in  which  they 
are  prepared. 

Dietliylic  Saccharate,  GiH.,{OR\<:^^'^^^^f^^,is  crystalline,  and 
easUy  soluble  in  water.     Ammonia  converts  it  into  the  amide. 


MUCIC — DEOXALIC  ACID. 


373 


€4114(011)4(00.  NH2)2,  wliick  is  a  white  powder.  The  ether, 
treated  with  acetyl  chloride,  yields  the  tetracetylic  compound 


Mucic  Acid,  CgHmOg  =  C4H.(OH)4(002H)2,  isomeric  with 
saccharic  acid,  is  produced,  together  with  a  small  quantity  of 
oxalic  acid,  by  the  action  of  rather  dilute  nitric  acid  on  sugar  and 
•gum.  It  may  he  easily  prepared  by  heating  together  in  a  flask  or 
retort,  1  part  of  milk-sugar  or  gum,  4  parts  of  nitric  acid,  and 
1  part  of  water ;  the  mucic  acid  is  afterwards  collected  upon  a  filter, 
washed  and  dried.  It  has  a  slightly  som-  taste,  and  reddens  vege- 
table colours.  It  requires  for  solution  66  parts  of  boiling  water.  By 
prolonged  boiling  with  water,  it  is  converted  into  the  isomeric  para- 
mucic  acid.  By  boiling  with  nitric  acid  it  is  resolved  into  oxaHc 
and  racemic  acids.  It  is  decomposed  by  heat,  yielding,  among  other 
products,  pyromucic  acid,  C5H4O3: 


Mucic  acid  is  bibasic,  yielding  for  the  most  part  neutral  salts  con- 
taining CgHgMgOg  and  C6H8M''08 ;  with  the  alkali-metals  it  also 
forms  acid  salts,  such  as  CgllgKOg. 

The  neutral  potassium  and  ammonium  salts  crystallise  well,  and 
are  but  slightly  soluble  iu  cold  water ;  the  acid  salts  are  easily 
soluble.  The  neutral  ammonium  salt  is  resolved  by  heat  into 
ammonia,  water,  and  pyrrol,  C4H5N. 

Diethylic  Mucate,  C,H4(OH)4(C02.C2Hs)2,  obtained  by  heating 
mucic  acid  with  alcohol  and  sulphuric  acid,  is  crystalline,  soluble  in 
hot  water,  melts  at  158°,  and  is  converted  by  acetyl  chloride  into 
the  tetracetyl  compound,  C4H4(O.C2H30)4(C02.C2HJ2,  which  melts 
at  177°. 

Deoxalic  or  Racemo-carbonic  Acid,  CgHgOj,,  probably 
=^3H2(0H)3(C02H)3,  is  produced  by  the  action  of  sodium  amalgam 
on  ethylic  oxalate : 


Deoxalic  acid  is  not  known  in  the  free  state,  being  resolved,  on 
evaporation  of  its  aqueous  solution,  into  racemic  and  glyoxyUc 
acids  : 


position  C8Hf;(NH4)309-t-H20  ;  but  it  also  forms  salts  in  which 
4  atoms  of  hydrogen  (one  alcoholic)  are  replaced  by  metal,  the  silver 
salt  being  C,R^A<^fi,j  +  lip,  and  the  barium  salt  CorT4Ba20„ -t-  SHjO. 
By  the  action  of  acetic  acid  on  its  potassium  salt  it  is  resolved  into 
acetic  acid  and  Lowig's  deoxalic  acid,  CjHoOr  : 


C4H4(O.C2H30)4<; 


CgHioOe  =  CsHA  +  CO2  +  3H2O. 


3C2H2O4  +  4H2  =  3H2O  +  CgHgO, 


2C„H80„  =  C2H4O2  -1-  2C,H„0, 


374 


DERIVATITES  OP  PYBOMUOIC  ACID. 


This  last  acid,  C2H(OH)2.(C02H)3,  forms  large  colourless  crystals, 
easily  soluble  in  water  aud  in  alcohol.  It  is  tnbasic.  Heated  with 
water  to  100°,  it  is  resolved  into  racemic  acid  and  carbon  dioxide  : 


Pyromucic  Acid  and  its  Derivatives. 
Pyromucic  Acid,  C5H403=C4H30.COOH ,  is  produced  by 
the  dry  distillation  of  mucic  acid,  or  more  advantageously  by  boiling 
fm-fui-ol  with  water  and  recently  precipitated  silver  oxide  ;  the 
silver  is  precipitated  by  hydrochloric  acid,  the  filtrate  evaporated, 
and  the  pyromucic  acid  purified  by  crystallisation  from  dilute 
alcohol. 

Pyromucic  acid  crystallises  in  colourless  lamiate  or  needles,  easily 
soluble  in  water,  especially  if  hot,  moderately  soluble  in  alcohol. 
It  melts  at  134°,  and  sublimes  at  100°.  It  is  monobasic.  The 
silver  salt,  C5H303Ag,  crystallises  in  lamiuEe ;  the  barmm  salt, 
(C5H303)2Ba,  forms  crystals  easily  soluble  in  water.  The  ethyhc 
ether,  C5H3O3.C2H5,  obtained  by  distilling  the  acid  with  hydro- 
chloric acid  and  alcohol,  is  a  crystalline  mass,  melting  at  34°,  and 
boiling  at  208°-210°.  The  chloride,  C4H3O.COCI,  produced  by  dis- 
tillmg  pyromucic  acid  with  phosphorus  pentachloride,  boils  at  170°, 
and  is  converted  by  ammonia  into  the  amide,  C^HjO.CONH,,  a 
crystalline  substance,  soluble  in  water,  and  melting  at  130°. 

Barium  pyromucate,  distilled  with  soda -lime,  yields  tetra- 
phenol,  0411^0,  or  C4H3O.OH  (4-carbon  phenol),  as  a  colourless 
liquid,  boiling  at  32°. 

Isopyromucic  acid,  C6H4O3,  is  produced,  together  with  pyromucic 
acid,  by  the  dry  distillation  of  mucic  acid,  and  may  be  separated  from 
the  latter  by  solution  in  a  small  quantity  of  cold  water.  It  sublimes 
below  100°  in  white  laminae,  which  turn  yeUow  on  exposure  to  the 
air,  melt  at  82°,  dissolve  very  easily  in  water,  alcohol,  and  ether. 

Carbopyrollamide,  C5H6N20  =  C4H2<g^°^^^S  produced  by 

dry  distillation  of  ammonium  pyromucate,  forms  white  shinmg 
laminae,  easily  soluble  in  alcohol  and  in  ether.  It  melts  at  173°, 
and  does  not  resolidify  till  cooled  to  133°.  By  boiling  with  water 
it  is  resolved  into  ammonia  and  carbopyrrolic  acid  : 

Carbopyrrolic  acid,   C4H2<§^^^,   crystallises   in  small 

prisms,  sublimes  at  about  190",  and  is  decomposed  by  sudden  heating 
into  carbon  dioxide  and  pyrrol : 

C.HfiNOg  =  CO2  +  C4H6N. 

Barium  carbopyrrolate  crystallises  in  lai^e  laminoe. 
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Pyrrol,  C3H5N,  is  a  weak  base  occurring  in  coal-tar  oil  and  in 
bone-oil,  and  producible  by  distillation  of  ammonium  pyromucate 
and  of  carbopyrrolic  acid.  It  may  be  prepared  from  bone-oil  by 
dissolving  out  the  basic  constituents  with  sulphuric  acid,  and  sub- 
mitting the  acid  solution  to  prolonged  boiling,  whereby  the  stronger 
bases  are  retained,  while  the  pyrrol  distils  over.  The  distillate  is 
heated  with  solid  potassium  hydroxide,  when  the  pyrrol  combines 
slowly  with  the  alkali,  admixed  impurities  being  volatilised.  On 
dissolving  the  potassium-compoimd  in  water,  the  pyrrol  separates 
on  the  surface  as  an  oily  liquid.  Pyrrol  is  colourless,  insoluble  in 
water  and  alkalis,  slowly  soluble  in  acids  :  it  has  an  ethereal  odovrr 
resembling  that  of  chloroform,  a  specific  gravity  =1'077,  and  boils 
at  133°.  It  is  easily  recognised  by  the  pm-ple  colour  which  it  im- 
parts to  fii'-wood  moistened  with  hydrochloric  acid. 

By  heating  an  acid  solution  of  pyrrol,  a  red,  flaky  substance, 
fyrrol-recl,  is  produced,  containing  CijHj^NgO,  the  formation  of 
which  is  represented  by  the  following  equation  : 

SC.H^N  +  H2O  =  CijHi.N^O  +  NH3. 

Furfur ol,  CgH^Og  =  C4H3O.COH.— This  compound,  which  is 
the  aldehyde  of  pyromucic  acid,  is  formed  in  the  dry  distillation  of 
sugar,  and  by  distilling  bran  with  dilute  sulphuric  acid  or  zinc 
chloride.  To  prepare  it,  1  part  of  bran  is  mixed  with  1  part  of  sul- 
phuric acid  diluted  with  3  parts  of  water,  and  the  distillate  is 
saturated  with  sodium  carbonate,  mixed  with  common  salt,  and 
distilled.  On  adding  common  salt  to  this  second  distillate,  the  fur- 
furol  separates  from  the  watery  liquid  in  the  form  of  a  heavy  oil. 

Furfurol  ii  a  colourless  liquid,  having  an  agreeable  odour,  some- 
what like  that  of  oil  of  ca-ssia.  It  boils  at  162°,  has  a  specific  gravity 
of  1 '164,  vapour  density  =  3'493  (referred  to  air),  dissolves  in  12 
parts  of  water  at  13°,  very  easily  in  alcohol. 

Furfurol,  like  other  aldehydes,  unites  with  acid  sodium  sulphite, 
forming  a  crystalline  compound,  C5H402.S03NaH,  sparingly  soluble 
in  alcohol,  and  is  converted  by  sodium  amalgam  into  an  alcohol, 
viz.,  furfuryl  alcohol,  CjHgOg.  By  oxidation  with  silver  oxide, 
it  is  converted  into  pyromucic  acid,  and  by  nitric  acid  into  oxalic 
acid.  With  ammonia  it  forms  furfuramide  :  30^11402 4- 2NH3  = 
(C'H40).,N2-f3H20. 

Furfuryl  Alcohol,  C5H5O.OH,  produced  by  the  action  of 
sodium  amalgam  on  furfurol  or  on  pyromucic  acid,  is  a  thick  oil, 
insoluble  in  water,  and  decomposing  when  distilled. 

Furfuramide,  (C5H,,0)3N2,  is  formed  when  furfurol  is  left  for 
a  few  hours  in  contact  with  aqueous  ammonia,  and  separates  in 
yrhite  crystals,  insoluble  in  water,  but  easily  soluble  in  alcohol  and 
ether.  By  boiling  with  water  or  acids  it  is  resolved  into  ammonia 
and  furfurol.  By  heating  to  120°,  or  by  boiling  with  dilute  aqueous 
potash,  it  is  converted  into  the  isomeric  compound  furfurine 
(discovered  by  Fownes),  which  is  a  crystalline  base,  melting  at  100°, 
and  forming  ciystallisable  very  bitter  salts,  containing  1  eq.  of  acid. 
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Fvirfurme  is  sparingly  soluble  in  cold  water,  dissolves  in  about  135 
parts  of  boiling  water,  easily  in  alcohol  and  ether,  forming  solutions 
which  have  a  strong  alkaline  reaction. 

Ftjcusol. — By  treating  several  varieties  of  fucus  with  sulphuric 
acid  in  exactly  the  same  manner  as  in  the  preparation  of  furfurol, 
Dr.  Stenhouse  has  obtained  a  series  of  substances,  which  he  desig- 
nates by  tlie  terms  fucusol,  fucusamide,  and  fucusine.  They  have 
exactly  the  same  composition  as  the  coiTesponding  terms  in  the 
furfurol  series,  and  also  most  of  their  properties,  but  differ  in  some 
respects. 

The  constitution  of  the  compounds  just  described  is  not  very  well 
understood  :  they  cannot  be  regarded  as  derivatives  either  of 
methane  or  of  benzene,  in  other  words,  as  belonging  either  to  the 
fatty  or  to  the  aromatic  group,  but  they  may  be  represented,  pro- 
visionally at  least,  by  constitutional  formulse  derived  from  that  of 
a  hypothetical  hydirocarbon  called  tetrene : 


HC=CH 

1  I 
HC=CH, 


intermediate  in  composition  between  acetylene  and  benzene ;  thus : 


HO.C=:C— CO„H 


HO.C=C-COH 


HO.C^C-CHgOH 


HC=CH 

Pyromucic  acid. 


HC=CH 

Furfurol. 


HC=CH. 

Furfuiy!  alcoliol. 


HC=C— COoH 
HC^i— NHg 

Cartopynolic  acid. 


HC=C— CO.NHo 

I  I 
HC=C— NH2 

Carbopyrrolaraide. 


HC=CH 

I  I 
HCt=C— NHg 

PyiToL 


AMIDES. 

We  have  had  frequent  occasion  to  speak  of  these  comjpoimds,  as 
derived  from  ammonium-salts  by  abstraction  of  water,  or  irom  acids 
by  substitution  of  amidogen,  NHg,  for  hydroxyl,  OH,  or  from  one 
or  more  molecules  of  ammonia  by  substitution  of  acid-radicles  for 
hydrogen.  Tbey  are  divided  (like  amines)  into  monamides,  di- 
amides,  and  triamides,  each  of  which  groups  is  further  subdivided 
into  primary,  secondary,  and  tertiary  amides,  according  as  one- 
third,  two-thirds,  or  the  whole  of  the  hydi'ogen  is  replaced  by  acid- 
radicles.  If  the  hydrogen  is  replaced  partly  by  acid-radicles,  and 
partly  by  alcohol-radicles,  the  compound  is  called  an  alkalamide  ; 
for  example,  ethylacetamide,  NH(C2H5)(C2H30)  ;  ethyldiacetauude, 
N(C2H,)(C2H30)2. 


MONAMIDES. 
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AMIDES  DERIVED  PROM  MONATOMIO  ACIDS. 

A  monatomic  acid  yields  but  one  primary  amide,  which  may 
be  formed  :  1.  From  its  ammonium-salt  by  direct  abstraction  of  a 
molecule  of  water,  under  the  influence  of  heat ;  thus  : 

C^HaCNHJO^  -  H^O  =  C^H.NO  =  =  nJ^^O^ 

Ammonium  Acotamide.         CONH  '  ^ 

acetate.  2 

This  method  is  especially  adapted  to  the  preparation  of  volatile 
amides. 

2.  By  the  action  of  ammonia  on  acid  chlorides  or  anhydrides  : 

C2H3O.CI    +  2NH3  =  NH^Cl  +  C2H3O.NH2 

Acetic  cliloride.  Acetamide. 

(C2H30)20    +   2NH3    =   NH4.O.C2H3O    +  C2H3O.NH2. 
Acetic  anliydride. 

This  method  is  especially  adapted  to  the  preparation  of  amides 
which  are  insoluble  in  water. 

3.  By  the  action  of  ammonia  on  compound  ethers  : 

C2H3O.O.C2H5  +  NH3  =  C2H5.OH  +  C^HgCNHj. 

Ethyl  acetate. 

This  reaction  often  takes  place  at  ordinary  temperatures,  but  is  for 
the  most  part  best  effected  by  heating  the  two  bodies  together  in 
alcoholic  solution. 

Secondary  monamides  are  those  in  which  two  atoms  of 
hydrogen  in  a  molecule  of  ammonia  are  replaced  by  two  univalent 
or  one  bivalent  acid-radicle,  or  by  one  acid-radicle  and  one  alcohol- 
radicle.  Those  containing  only  univalent  radicles  are  formed  by 
the  action  of  dry  hydrochloric  acid  gas  on  primary  monamides  at 
a  high  temperature  ;  e.g.,  diacetamide  from  acetamide  : 

2NH2(C2H30)  +  HCl  =  NH.Cl  +  NH(C2H30)2. 

Those  containing  bivalent  acid-radicles  are  called  imides  ;  e.g., 
succinimide,  NH(C4H402).  They  are  derived  from  bibasic  acids, 
and  will  be  noticed  further  on. 

Secondary  monamides  (alkalamides)  containing  an  acid- 
radicle  and  an  alcohol-radicle,  are  formed  by  processes  similar  to 
those  above  given  for  the  formation  of  the  primary  monamides, 
substituting  amines  for  ammonia ;  thus  : 

C2H3OCI     +  NH2(C2H5)  =  HCl         +  NH(C2HJ(C2H30) 

Acetic  Ethylamlne.  Ethyl-acetamlde. 

chloride. 


C2H30(OC2H5)  +  NHjCCjHj)  =  HOC2H5  +  ^R{G,-H,)(C,ll.fi) 

Eihyl  acetate.  Ethyluminc.  Alcoliol.  Etiiyl-acetamido. 
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Tertiary  monamides  are  those  in  whicli  the  whole  of  the 
hydrogen  in  one  molecule  of  ammonia  is  replaced  by  acid-radicles 
or  by  acid-  and  alcohol-radicles.  Those  of  the  latter  kind,  called 
tertiary  alkalamides,  are  produced  by  the  action  of  acid  cldorides 
on  secondary  alkalamides  : 

NH(aH5)(C2H,0)  +  C2H3O.CI  =  HCl  +  N(C2H.)(C2H30)2 ; 

Etliyl-acetamide.  Acetyl  Ethyl-diacetamide. 

chloride. 

or  by  the  action  of  monatomic  acid  oxides  on  cyanic  ethers  ;  e.g. : 
{C,R,0),0  +  ^{CO){C,R,)  =  CO2  -f-  N(C2Hg);C,H30)2. 

Acetic  oxide.  Ethyl  cyanate.  Ethyl-diacetamide. 

Monamides  are  for  the  most  part  crystalline  bodies  soluble  in 
alcohol  and  ether.  The  lower  membeis  of  the  group  are  likemse 
soluble  in  water,  and  distil  without  decomposition.  As  they  con- 
tain both  a  basic  group  (NH,),  and  an  acid  groujj,  they  are  capable 
of  acting  both  as  bases  and"  as  acids,  combiuing,  on  the  one  hand, 
with  acids  to  form  saline  compounds,  such  as  C2H3O.NH2.NO2H, 
which,  however,  are  not  very  stable  ;  and,  on  the  other  hand, 
forming  salts  by  substitution  of  a  metal  for  one  atom  of  hydrogen  ; 
thus  silver-acetamide,  CjHgO.NHAg,  is  obtained  in  crystalline  scales, 
by  saturating  an  aq^ueous  solution  of  acetamide  with  silver  oxide. 

Amides  are  less  stable  than  amines,  the  combination  of  the 
amidogen-group  with  acid  radicles  (O2H3O,  for  example),  being 
weaker  than  the  combination  of  the  same  group  with  hydrocarbons, 
as  in  the  amines.  Consequently  they  are  more  easily  decomposed 
than  amines,  their  decomposition  being  eflected  by  heating  with 
water,  or  more  readily  with  alkalis  : 

C2H3O.NH2  +  HOH  =  NH3  +  C2H3O.OH. 
Acetamide.  Acetic  acid. 

Primary  amides  heated  with  fliosflioric  anhydride  or  2^^tos2)hoTiis 
trichloride,  give  off  1  mol.  water,  and  are  converted  into  nitrils  or 
alcoholic  cyanides ;  e.g.,  acetamide  into  methyl  cyanide  or 
acetonitrU. : 

CH3.CO.NH2  -  H2O  =  CH3.CN. 

When  phosphorus  pentachloride  acts  upon  an  amide,  the  oxygen- 
atom  of  the  latter  is  first  rejjlaced  by  two  atoms  of  chlorine,  and  the 
resulting  chloride  when  heated  gives  up  1  mol.  HCl ;  thus  : 

CH3.CONH2  +  PCI5  =  PCI3O  +  CH3.CCI2.NH2  ; 

and 

CH3.CCI2.NH2  =  2HC1  +  CH3.CN. 

Formamide,  CHgNO^CHG.NH,,  the  amide  of  formic  acid, 
is  obtained  by  dry  distillation  of  ammonium  formate,  or  by  heating 
ethyl  formate  to  100°  with  alcoholic  ammonia.  It  is  a  liquid  which 
dissolves  easily  in  water  and  in  alcohol,  and  boils  with  partial 
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decomposition,  at  192°-195°.  Wlien  quickly  heated,  it  is  resolved 
into  carbon  monoxide  and  ammonia.  By  dehydration  -with  phos- 
phoric anhydride  it  is  converted  into  hydrogen  cyanide  or  formo- 
nitril,  CHN. 

Acetamide,  CgHgNO  =  C2H3O.NH2,  may  he  obtained  by 
either  of  the  general  reactions  above  described ;  also  by  distilling  a 
mixture  of  dry  sodium  acetate  and  sal-ammoniac  in  equal  numbers 
of  molecules.  It  crystallises  in  long  needles,  melts  at  78°-79°,  and 
boils  without  decomposition  at  222°.  It  dissolves  easily  in  water 
and  in  alcohol,  and  when  heated  with  acids  or  alkahs  it  takes  up 
water  and  is  resolved  into  acetic  acid  and  ammonia.  It  unites 
with  acids,  forming  unstable  compounds,  e.g.,  CgHgNO.HCl,  and 
C2H5NO.NO3H.  On  boiling  its  aqueous  solution  with  mercuric 
oxide,  the  latter  is  dissolved,  and  the  solution  on  cooling  deposits 
crystals  of  mercuracetamide  (C2H5NO)2Hg. 

Chloracetamides  may  be  prepared  from  the  three  chloracetic 
acids  in  the  same  mamier  as  acetamide  from  acetic  acid.  Their 
melting  and  boiling  points  are  as  follows : 

M.  p.  B.  p. 

Monochloracetamide,  C2H2CIO.NH2  116°  224°-225° 
Dichloracetamide,  C2HCI2O.NH2  96°  233°-234° 
Trichloracetamide,       CgClsO'lNHa      136°  238°-239° 

Diacetamide,   NIK^Q^^aO  ^  Q]-,|;j^j[jjg^      heating  acetamide  in 

a  stream  of  hydrogen  chloride,  forms  crystals  easUy  soluble  in  water, 
melts  at  59°,  and  boils  at  210°-215°. 

Triacetamide,  (021130)3^,  obtained  by  heating  acetonitril  to 
200°  with  acetic  anhydride,  melts  at  78°-79°. 

Propionamide,  C3H5O.NH2,  is  very  much  like  acetamide,  melts 
at  75°-76°,  and  boils  at  210°. 

Butyramide,  C4H7O.NH2,  crystallises  in  laminte,  melts  at  115° 
and  boils  at  216°. 

.  Isoyaleramide,  C5H90,NH2,  obtained  from  isovaleric  acid,  sub- 
limes in  laminse  which  are  soluble  in  water. 


AMIDES  DEniVED  FROM  DIATOMIC  AND  MONOBASIC  ACIDS. 

Acids  of  this  group  may  give  rise  to  two  nionamides,  both  formed 
by  substitution  of  NH2  for  OH,  and  therefore  having  the  same  com- 
osition.    They  are,  however,  isonieiic,  not  identical,  the  one  formed 
y  replacement  of  the  alcoholic  hydroxyl  being  acid,  while  tlie 
other,  formed  by  replacement  of  the  basic  hydroxyl,  is  neutrnl. 
The  acid  amides  thus  formed  are  called  amic  or  amidic  acids. 
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Glycollic  acid,  for  example,  yields  amidoglycollic  or  glycollamic 
acid  and  glycoUamide,  both  containing  C2H5NO2 : 

CH2OH  CH2NH2  CH2OH 


iooH  i 

Glycollic  acid.  Glycollamic  acid.  GlycoUamide, 


COOH  COOH  CONH2 


1.  Neutral  Amides. 

These  compounds  are  formed  by  the  action  of  ammonia  in  the 
gaseous  state  or  in  alcoholic  solution  on  the  corresponding  oxides  or 
anhydrides,  or  on  the  ethylic  ethers  of  the  acids  ;  thus : 

CH3.CH<°|      +    NH3    =  CH3.CH<^^ 

CO  33  ^cO.NHs 

Lactide.  Lactamide. 

CH3.CH<0H^^^jj^  +  NH3  =  C2H,0H  +  CH,.CH<OH^^^ 

Ethyl  lactate.  Lactamide. 

OH 

GlycoUamide,  C2H5NO2  =  CH2-<qq        ,  is  formed  by  heat- 

mg  glycollide,  |     N  0,  with  dry  ammonia,  and  by  heating  acid 
CO 

ammonium  tartronate  (p.  358)  to  150°;  C3H3(NHi)05  =  C2H5NO2  + 
COg  +  HgO.  It  crystallises  in  needles  having  a  sweetish  taste, 
easily  soluble  in  water,  sparingly  in  alcohol,  melting  at  100°.  By 
boiling  with  alkalis,  it  is  resolved  into  glycollic  acid  and  ammonia. 

Lactamide,  C3H7N02  =  CH3.CH<;^q -^jj  ,  obtained  as  above 

mentioned,  forms  crystals  easily  soluble  in  water,  melting  at  74°, 
resolved  by  boiling  with  alkalis  into  lactic  acid  and  ammonia. 

i-CO-i 

Lactimide,  C3H5NO  =  CH3— CH— NH,  produced  by  heatmg 

alanine,  ^H,— CH<^^2jjj,  to  180°-200°  in  a  stream  of  hydrogen 

chloride,  forms  colourless  lamina  or  needles,  easily  soluble  in  water 
and  in  alcohol,  melting  at  275°. 

2.  Amic  or  Amidic  Acids. 

The  amic  acids  of  this  group  are  identical  with  the  amidated 
acids  derived  from  the  corresponding  mouatomic  acids,  CuH2n02, 
by  substitution  of  amidogen  for  hydrogen ;  thus  glycollamic  acid 
is  identical  with  amidacetic  acid;  lactamic  with  amidopropiouic ; 
leucamio  with  amidocaproic  acid ;  for  example : 

CH3  CH2(NH2)  CH2(0H) 


OOH  COOH  COOH 

Acetic  acid.  Amidacetic  or  Gly-  Glycollic  acid, 

collamic  acid. 
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They  tare  foiTaed:  1.  By  the  action  of  ammonia  on  the  mono- 
chloro-,  Lromo-,  or  iodo-  substitution-products  of  the  fatty  acids:  e.g., 

CH,C1.C0,H    +    2NH3    =    NH.Cl    +  CH^.NH^.CO^H 

Chloracetic  acid.  Amidacetic  acid. 

2.  By  heating  the  ammonia-compounds  of  the  aldehydes  with 
hydrocyanic  and  hydi-ochloric  acid,  whereby  cyanides  are  produced 
m  the  first  instance,  and  afterwards  transformed  into  amido-acids  by 
the  action  of  the  hydrochloric  acid : 

CH3.CH<gH2    +    CNH    =    H,0    -f  CJl,.CK^f^ 

Aldehyde-ammonia.  EtWdene-cyanamide. 

CH3.CH<^jj2  ^  jjci  +  2H2O  =  NH.Cl  -1-  CH3.CH<;^^|j 

Ethidene-cyanamide.  Lactamic  acid." 

Several  of  them  occur  in  the  animal  organism. 

These  amic  acids  are  distinguished  from  the  isomeric  neutral 
amides  by  the  more  intimate  state  of  combination  of  their  amidogen- 
group,  which  cannot  be  separated  by  boiling  with  alkalis.  As  they 
contain  both  a  carboxyl-group  and  an  amidogen-group,  they  possess 
Ijrjth  acid  and  basic  properties,  and  form  saline  compounds  both 
with  acids  and  with  bases,  the  ba.sic  character,  however,  predomi- 
nating. Hence  they  are  often  designated  by  names  ending  in  ine, 
the  ordinary  termination  for  organic  bases,  glycoUamic  acid  being 
ilesignated  as  glycocine,  lactamic  acid  as  alanine,  leucamic  acid  as 
leucine,  &c.  They  are  also  designated,  as  a  group,  by  the  name 
Alanines. 

The  hydrogen  of  the  carboxyl-group  in  these  compounds  may 
:  replaced  by  alcohol-radicles,  yielding  compound  ethers,  which, 
however,  are  somewhat  unstable ;  that  of  the  amidogen-group  may 
he  replaced  by  alcohol-radicles  or  by  acid-radicles.  The  acid 
flerivatives  are  obtained  by  treating  the  amido-acids,  or  their  ethers 
with  the  haloid  compounds  of  acid-radicles : 

'^^^<Io:K    +    ^^^HaOCl    =    HCl    +    CH,<NHAH30 . 

Amidacetic  acid.  Acetic  cliloiide.  Acctyl-aniidacetiC 

acid. 

the  alcoholic  derivatives  by  the  action  of  amines  on  substitution- 
derivatives  of  the  fatty  acids : 

CH2CI.CO2H    +    NH(CH3)2    =    HCl    +  CR,<^^]^"^2 

(Jhloracetlc  Dlmethylamlne.  Dlraethyl-amldacctic 

acid.  acid. 


he 


The  alanines  are  crystalline  bodies,  mostly  having  a  sweetish 
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taste,  easily  soluble  in  water,  insoluble  for  tlie  most  part  in  alcoliol 
and  ether.  They  have  a  neutral  reaction,  and,  as  already  observed, 
are  not  decomposed  by  boiling  with  alkalis,  but  when  fused  with 
alkaline  hydrates,  they  are  decomposed  iuto  ammonia  and  fatty 
acids.  By  dry  distillation,  especially  in  contact  with  baryta,  they 
are  resolved  into  amines  and  carbon  dioxide : 

CH3.CH<^^|j    =    CO2    +  CH3.CH2.NH2 

Alanine.  Etliylamine. 
Nitrous  acid  converts  them  into  o xy acids  : 

CH2<g^|j    +    NO2H    =    N2    +    H2O    +  CH2<ggg 

Glycocine.  Glycollic  acid. 

Amidacetic    Acid,     or     Glycociae,  C,H,NO, 
NH  .  .      .  "  ' 

=  CH2  -^Cqo  H  '  ^^^^  called  amidogly collie  acid,  glycollamic  acid, 

and  glycocoll,  is  formed  by  the  action  of  ammonia  on  bromacetic 
or  chloracetic  acid : 

C2H3CIO2  +  2NH3  =  NH4CI  +  C2H3(NH2)02; 

also  by  the  action  of  acids  or  alkalis  upon  ammal  substances,  such 
as  glue,  hippiiric  acid,  glycollic  acid,  &c.  From  hippuric  acid  it  is 
formed,  together  with  benzoic  acid,  according  to  the  equation : 

C9H9NO3  +  H2O  =  OjE-NOa  +  CyHeOa. 

Glycocine  crystallises  fi-om  water  in  large  hard,  transparent, 
rhombic  prisms,  having  a  sweetish  taste,  soluble  in  4  parts  of  cold 
water,  insoluble  in  alcohol  and  ether.  It  melts  at  170°,  and  de- 
composes at  a  higher  temperature.  By  heating  witli  baryta  it  is 
resolved  into  carbon  dioxide  and  methylamine ;  by  treatment  with 
nitrous  acid  it  is  converted  into  glycollic  acid.  It  combines  with 
acids  in  different  proportions.  With  sulphuric  acid  it  forms  the 
compound  (C2H5NO,)2SO.,H, ;  and  on  addition  of  alcohol  to  a 
solution  of  this  sulphate,  a  salt  crystallising  in  rectangular  prisms  is 
deposited,  containing  3C2H5NO2.SO4H2.  It  also  forms  the  hydro- 
chlorides, C2H5NO2.HCI  and  C2H5NO2.2HCI,  the  latter  of  which 
crystalKses  in  long  prisms.  The  nitrate,  C2H5NO2.NO3H,  forms 
large  prisms. 

Glycocine  also  forms  saline  compoimds  by  substitution  of  metals 
for  hydrogen;  thus  it  dissolves  cupric  oxide,  forming  the  salt, 
(C2H4N02)2Cu  +  H2O,  which  crystallises  from  the  hot  solution  in 
dark  blue  needles.  The  silver  salt,  CoH^NOjAg,  crystallises 
over  sulphuric  acid.  Glycocine  also  unites  with  metallic  salts, 
forming  crystalline  compounds,  such  as  C2H6NO2.NO3K,  and 
C2HsN02.N'03Ag. 

The    ethylic   ether   of    glycocine,    or    ethyl  amidacetate, 

CH2  <Cco.  ^0  H  '     produced  by  the  action  of  sUver  oxide  on  tlie 
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hyclriodicle  obtained  by  heating  glycocine  with  ethyl  iodide  in 
alcoholic  solution.  It  is  resolved  by  evaporation  of  its  aqueous 
solution  into  glycocine  and  alcohol. 

•  Methyl-glycocine  or  Sarcosine,  CaHyNOg  =  CHg^Q^^ "^3  > 

isomeric  with  alanine,  is  formed  by  digesting  ethyl  chloracetate 
with  excess  of  a  concentrated  aqueous  solution  of  methylamine : 

CH2CI.CO2.C2H5  +  CH3.NH2  +  H2O 

=  HCl  +  C2H5.OH  +  CH2<^^^g^\ 

The  same  compound  is  formed  by  boiling  creatine  with  baryta- 
water.  The  creatine  splits  into  sarcosine  and  urea,  the  latter 
being  further  decomposed  into  ammonia  and  carbonic  acid.  Sar- 
cosine crystallises  in  colourless  rhombic  prisms,  easily  soluble  in 
water ;  it  is  difficultly  soluble  in  alcohol,  insoluble  in  ether,  and 
has  no  action  upon  vegetable  colours.  It  combines  with  acids  to  form 
soluble  salts,  which  have  an  acid  reaction.  The  double  salt  of  sar- 
cosine with  platinum  tetrachloride  crystallises  in  large  yellow 
octohedrons  having  the  compos'tion  SCjHyNOj.aHCl.PtCliH-S  aq. 
Sarcosine  ignited  with  soda- lime  gives  off  methylamine. 

N  (CH3)3 

Trimethyl-glycocine  or  Betaine,  C5HjjN02=CH2/  Xo 

which  exists  ready-formed  in  beet-juice,  and  is  produced  by  oxida- 
tion of  choline  hydrochloride,  and  synthetically  by  heating  tri- 
methylamine  with  monochloracetic  acid,  has  beeii  already  described 
(p.  223). 

Ethyl-glycocine,  C4H9N02=CH2<^^-^2H.,  ^  obtained  by 

heating  chloracetic  acid_  with  ethylaraine,  forms  deliquescent 
laminse  ;  it  unites  with  acids,  bases,  and  salts. 

Diethyl-glycocine,  C„Hi3N02  =  CH2<^'^^^|J^6)2^  prepared  from 

chloracetic  acid  and  diethylamine,  forms  deliquescent  crystals,  and 
sublimes  below  100°. 

Acetyl-glycscine  or  Aceturic  acid,  CH2<q(^^2^2^, pro- 
duced by  the  action  of  acetyl  chloride  on  silver-glycocine,  or  of 
acetamide  on  monochloracetic  acid,  crystallises  in  small  needles, 
easily  soluble  in  water  and  in  alcohol,  and  turning  brown  at  130°  j 
reacts  like  a  monoba.sic  acid. 

DiffLYCOLLAMic  and  Triolycollamtc  Acids.  —  Glycocine  or 
[lycollamic  acid  may  be  regarded  as  ammonia  having  one  atom  of 
lydrogen  rejjlaced  by  the  univalent  group  GH2.CO2H,  and  the 

similar  replacement  of  2  and  3  hydrogen-atoms  in  ammonia  may 

give  rise  to  di-  and  tri-glycollamic  acids : 


384 


FATTY  GBOUP :  AMIDES. 


NH2.CH2.CO,H,       .      .       Glycolkmic  acid. 
NH(CH2.C03H)2,     .      .      DiglycoUamic  acid. 
N(CH2.C02H)3,        .      .       TriglycoUamic  acid. 

These  tliree  acids  are  produced  simultaneously  by  boiling  mono- 
chloracetic  acid  with  strong  aqueous  ammonia  ;  and  on  concentrat- 
ing the  resulting  solution,  filtering  from  separated  sal-ammoniac, 
boiliag  the  filtrate  with  lead  oxide,  and  filtering  again,  the  filtrate 
on  cooling  deposits  the  lead  salt  of  triglycollami  c  acid,  while  the 
lead  salts  of  the  other  two  acids  remain  in  solution.  To  separate 
the  diglycollamic  acid,  the  lead  is  precipitated  by  hydrogen 
sulphide,  and  the  filtered  solution  is  boiled  with  zinc  carbonate, 
whereupon  the  sparingly  soluble  zinc  diglyeollamate  separates  out, 
while  the  zinc-salt  of  glycocine  remains  in  solution. 

Diglycollamic  and  triglycollamic  acids  are  crystalline  bodies 
which  form  salts  both  with  acids  and  with  bases ;  the  former  is 
bibasic,  the  latter  tribasic. 

Amidopropionic  Acids,  C3H7NO2  =  C3H5(NH2)02.— Of 
these  there  are  two  modifications,  analogous  to  the  two  bromo-, 
chloro-,  and  iodo-  propionic  acids,  viz. : 

CH3  CHaCNHj) 

CHfNH,)  OH2  j 

I  I  ! 

COOH  COOH  , 

o-Amidopropionic  acid  /3-Amidopropiouic  • 

or  Alanine.  acid.  t 

Alanine  is  produced  by  the  action  of  alcoholic  ammonia  on 
«-chloro-  or  a-bromo-propionic  acid,  orbyheatingaldehyde-ammonia 
with  hydrocyanic  and  hydrocloric  acids,  the  reactions  being  pre- 
cisely similar  to  those  by  which  glycocine  is  obtained  from  the  cor- 
responding derivatives  of  acetic  acid.  It  crystallises  in  tufts  of 
hard  needles,  dissolves  in  5  parts  of  cold  water,  less  easily  in  alcohol, 
and  is  insoluble  in  ether.  When  slowly  heated  it  melts  and  sub- 
limes undecomposed  ;  but  when  quickly  heated,  it  is  resolved  into 
carbon  dioxide  and  ethylamine.  Nitrous  acid  converts  it  into 
lactic  acid. 

Alanine  unites  with  acids,  bases,  and  salts.    The  platinochloride, 
2(C3H7N20.HCl).PtCl4,  crystallises  in  large  reddish  prisms. 

/3-Amidopropionic  acid,  CH2(NH2) — CH^.CO^R,  prepared  by  the 
action  of  ammonia  on  j3-iodopropionic  acid,  forms  rhombic  prisms 
easily  soluble  in  water,  and  sublimes  Avith  partial  decomposition- 
when  heated.  Its  copper  compound  is  much  more  soluble  than  that 
of  the  a-acid. 

«-Amidobutyric  Acid,  C,HaN02  =  CH3.CH2.CH<go^|j' 

also  called  Propalanine,  is  prepared  from  a-bromobutyric  acid.  It' 
crystallises  in  small  laminte  or  needles,  easily  soluble  in  water. 
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CH(CH3)2 

a-Amidisovaleric  Acid,  CgHuNOg  =     I    ^NH,  j 


occitrs 


in  the  pancreas  of  the  ox,  and  is  formed  artificially  loy  the  action 
of  ammonia  on  bromisovaleric  acid.  It  ciystallises  in  shining 
prisms,  sublimes  without  previous  fusion,  dissolves  in  water  and 
alcohol,  but  less  easily  than  leucine. 

Amidocaproic  Acid  or  Leucine,  CgHjgNOg  -  ^^io'^qq  jj  ' 

is  fonned  by  the  action  of  ammonia  on  bromocaproic  acid,  and  by 
digesting  valeral-ammonia  with  hydrocyanic  and  hydrochloric 
acids  : 

C3H10O.NH3  +  CNH  +  HCl  +  H2O  =  CeHigNOa  +  NH^Cl. 

Leucine  is  also  formed  by  the  decomposition  of  animal  sixb- 
stances,  such  as  glue,  horn,  wool,  &c.,  during  putrefaction,  and  by 
the  treatment  of  these  substances  with  acids  or  alkalis.  It  was 
first  discovered  in  putrid  cheese  ;  more  recently  it  has  been  found 
in  several  parts  of  the  animal  organism. 

Leucine  crystallises  in  white  shiniug  scales,  which  melt  at  100°, 
and  may  be  sublimed  without  decomposition  ;  it  is  but  little 
soluble  in  water,  still  less  in  alcohol,  insoluble  in  ether.  When 
heated  with  caustic  baryta,  it  splits  into  carbon  dioxide  and  arayla- 
mine  :  CgHigNOg  =  CgH.gN  +  COj.  It  unites  with  acids,  bases, 
and  salts.    Treatment  with  nitrous  acid  converts  it  into  leucic  acid. 


CO  H 

AMIDES  DERIVED  FROM  DIATOMIC  AND  BIBASIC  ACIDS,  CnH2n<CQ0^H 

Each  acid  of  this  group  may  give  rise  to  three  amides,  viz.  : — 
1.  An  acid  amide  or  amic  acid,  derived  from  the  acid  ammonium 
salt  by  abstraction  of  one  molecule  of  water.  2.  A  neutral  mon- 
amide,  or  imide,  derived  from  the  same  salt  by  abstraction  of 
SHjO.  3.  A  neutral  amide,  or  diamide,  derived  from  the  neutral 
ammonium  salt  by  abstraction  of  2H2O ;  thus  fi-om  succinic  acid, 
C2H^(C02H)2,  are  derived : 

1.  Succinamic  acid,  Q^^<:^^^^ 


2.  Succinimide, 


3.  Succinamide, 


C2H,<gg>NH 


P  XT  /CO.NH2 


^CO.ONHj 
:  ^2^14^00.  OH 

Acid  Ammonium 
succinate. 

p     ^CO.ONH,  . 

Acid  Ammonium 
succinate. 

„  „  ^CO.ONII^ 
^tl4<^QO.ONH4 

Neutral  Ammonium 
succinate. 


H2O 


—  ^2 


■2H2O 


-2H2O 
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The  two  neutral  amides  may  also  he  regarded  as  derived  from  one 
or  two  molecules  of  ammonia  by  substitution  of  the  diatomic  radicle 
of  the  acid  for  two  atoms  of  hydrogen,  and  the  amic  acid  by  similar 
substitution  in  the  compound  molecule,  NH3.HHO: 

Succinimide,       .       .  NH.C4H4O2 
Succinamide,       .       .  N2H4.C4H4O2 

Succinamic  acid,  .       .       QH^  |  ^i-^i^s  • 

By  abstraction  of  four  molecules  of  water  from  the  neutral  ammo- 
nium salts,  nitrils  or  cyanides  of  the  corresponding  diatomic 
alcohol-radacles  are  produced : 

^2^i<CO.ONH4    ~   ^^2<J    -  <-2ii4<cN 

Keutral  Ammonium  Succinonitril  or 

succinate.  Ethene  cyanide. 

The  amic  acids  of  this  group  axe  also" formed  by  boiling  the  imides 
with  water :  thus  succinimide,  C4H5NO2,  by  taking  up  HgO  is  con- 
verted into  succinamic  acid,  C4H7NO3;  and  the  neutral  amides  are 
formed  by  shaking  up  the  corresponding  neutral  ethers  with  aqueous 
ammonia :  e.g., 

C202<oc        +   2NH3    =    2C2H,(OH)    +  C,0,<l'^l 


2 

DiethyUc   "  Ethyl  Oxamide. 

oxalate.  alcohoL 


The  typic  or  extra-radical  hydrogen  in  these  amides  may  be 
replaced  by  alcoholic  or  by  acid  radicles,  thereby  producing  alkal- 
amides,  secondary  and  tertiary  diamides,  &c.  The  modes  of  pro- 
ducing such  compounds  may  be  understood  from  the  following 
equations : 

Acid  Methylammonium  Methyloxamic 
oxalate.  acid. 

"  C,-E,<^Q>0  +  O2H5.NH2  =  H2O  +  C2H4<gg>N.C2H5 

Succinic  Ethylamine.  Ethyl- 

anhydride,  euccuiimide. 

C202<0CA  +  2(CH3.NH2)  =  2iC,-E,.0R)  +'  C,0.^^^-^^l 

Dietliylic  Methylamlne.  Ethyl  Dimethyl- 

oxalate.  alcohol.  oxamide. 

COCI2    +    2(C2H5.NH2)    =    2HC1    +  CO(NH.C2H5)2 

Carbonyl  Etliylamine.  Dietliyl- 

cliluride.  carbamide. 
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2CA<g§>NAg  +  C,H,<gg;g  .  2AgCl  +  N,(CA<C0)3 

Argento-succiiilinide.  Succinyl  Ti-isuccinimide. 

chloride. 


Amides  of  Oxalic  Acid. 
CO.NH2 

Oxamic  Acid,  C2H3N03=  I  ,  is  produced  by  heating 

CO.OH 

acid  ammonium  oxalate  to  about  230° ;  also  as  an  ammonium-salt 
by  boiling  oxamide  with  aqueous  ammonia:  CgH^NgO,  +  HgO  = 
C2H2(NH,)N03.  Oxamic  acid  is  a  white  crystalline  powder  spar- 
ingly soluble  in  cold  water,  still  less  soluble  in  alcohol  and  ether. 
It  is  monobasic,  and  forms  numerous  crystalline  metallic  salts. 

Oxamic  ethers  may  be  formed  by  substitution  of  alcohol- 
radicles  for  hydrogen,  either  in  the  group  NHj  or  in  the  group  OH 
of  oxamic  acid,  the  resulting  ethers  being  acid  in  the  former  case, 
neutral  in  the  latter.  The  neutral  ethers,  also  called  oxamethanes, 
are  formed  by  the  action  of  ammonia,  in  the  gaseous  state  or  in 
alcoholic  solution,  on  neutral  oxalic  ethers ;  thus : 

CO.OC2H5  CO.NHo 
I  +    NH3    =    C^H^.OH    +  I 

CO.OC^H,  GO.OC^H, 

Ethyl  oxalate.  Alcohol.  Ethyl  oxamate. 

They  are  cry.stalline  bodies  soluble  in  alcohol,  decomposed  by  boiling 
water,  yielding  ammonium  oxalate  and  the  corresponding  alcohol. 

The  acid  ethers  of  oxamic  acid  containing  one  equivalent  of 
alcohol-radicle,  are  produced  by  dehydration  of  the  acid  oxalates  of 
the  corresponding  amines ;  thus : 

CO.ONHgCC^H,)  CO.NHCC^Hfi) 
I  =    H2O    -I-  J 

CO.OH  do.OR 

Acid  ethylammoniiun  Ethyloxamic  acid, 

oxalate. 

Methyloxamic  and  phenyloxamic  acids  are  also  known.  These  acid 
ethers  are  metameric  with  the  neutral  oxamic  ethers  contaiaing  the 
same  alcohol-radicles. 

_  The  replacement  of  both  the  hydrogen-atoms  in  the  group  NH, 
in  oxamic  acid,  would  also  yield  monobasic  acid  ethers ;  none  of 
these  are,  however,  known  in  the  free  state,  but  the  ethylic  ethers  of 
dimethyl-  and  diethyl-oxa/nic  acids  have  been  obtained,  e.g.,  ethylic 
dimethyl-oxamale,  (S^i02)^{QB..i\{0C.,}ii) . 

CO.NH2 

Oxamide,  'i^i}li{(^2^.^=  \  .—This  compound  is  formed 

CO.NH2 

by  the  action  of  heat  on  neutral  amnioniura  oxalate,  but  is  more 


388  FATTY  GROUP  :  AMIDES. 

advantageously  prepared  by  the  action  of  anunonia  on  neutral 
ethyl  oxalate.  It  is  also  formed  in  several  reactions  from  cyanogen 
and  cyanides;  an  aqueous  solution  of  hydrocyanic  acid,  mixed 
with  hydrogen  dioxide,  yields  a  crvstalline  deposit  of  oxamide: 
2CNH  +  H2O2  =  C2N2H4O2 . 

Oxamide  is  a  white,  light,  tasteless  powder,  insoluble  in  cold 
water,  slightly  soluble  in  boiling  water,  insoluble  in  alcohol. 
Heated  in  an  open  tube  it  volatilises  and  forms  a  crystalline  sub- 
limate ;  but  its  vapour,  passed  through  a  red-hot  tube,  is  completely 
resolved  into  carbon  monoxide,  ammonium  carbonate,  hydrocyanic 
acid,  and  urea  (carbamide) : 

2C2N2H,02  =  CO  -f  CO2  +  NH3  +  CNH  +  CNgH.O. 
Dilute  mineral  acids  decompose  it,  yielding  an  ammonium-salt  and 
free  oxalic  acid ;  e.g., 

C2N2H,02  +  SO4H2  -I-  2H2O  =  S04(NH4)2  -1-  CaHA- 

Dimethyloxamide,  N2(C202)H2(CH3)2,  is  produced  by  the  dry  dis- 
tillation of  methylaminonium  oxalate : 

^C2(NH3.CH3)20,  -  2H2O  =  C2N2H2(CH3)202. 
Diethyloxamide  and  diamyloxamide  are  obtained  ia  a  similar 
manner. 

The  imide  of  oxalic  acid  is  not  known;  its  nitril  is  dicyanogen, 
C2N2. 


Amides  of  Succinic  Acid. 
CO  NH 

Succinamic  Acid,  G2^i<.co\o'S.^'  formed  by  heating  suc- 
cinimide  with  baryta- water,  is  crystalline,  and  is  easily  resolved  by 
the  action  of  alkalis  into  succinic  acid  and  ammonia. 

Succinimide,  C2H4<^q>NH,  formed  by  heating  succinic 

anhydride  in  a  stream  of  dry  ammonia,  or  by  distillation  of  a.cid 
ammonium  succinate,  crystallises  in  rhombic  plates  containmg 
one  molecule  of  water,  dissolves  easily  in  water  and  in  alcohol,  melta 
at  126°,  and  boils  at  288°. 

A  hot  alcoholic  solution  of  succinimide  mixed  with  a  little 
ammonia  and  then  with  silver  nitrate,  yields,  on  coolmg,  large 

CO  1. 

crystals  of  argentic  succinimide,  C2H4<^QQ^NAg ;  and  the 

solution  of  this  salt  in  a  small  quantity  of  ammonia  leaves,  on  spon- 
taneous evaporation,  a  syi'upy  liquid,  which  gradually  solidifies  to  a 
mass  of  hard,  brittle  crystals  of  argentammonium-succinimide, 

C2H,<gg>N(NH3Ag). 

The  acid  character  of  succinimide  exhibited  in  these  salts  is  Hke- 
■vvise  shown  by  other  imides,  the  group  NH,  when  associated  with 
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CO  (as  in  cyanic  acid,  CO=:NH)  or  with  C2O2,  as  in  the  salts  above 
described,  being  capable  of  exchanging  its  hydrogen  for  metals,  like 
the  gronp  OH  in  acids. 

Succinamide,  C2H4(CO.NH2)2,  separates  as  a  white  powder 
when  neutral  ammonium.'  succinate  is  shaken  vip  with  aqueous 
ammonia.  It  is  insoluble  in  cold  water  and  alcohol,  but  dissolves  in 
hot  .water,  and  separates  therefrom  in  slender  needles.  At  200°  it 
is  resolved  into  ammonia  and  succinamide. 


Amides  of  Carhonic  Acid. 

Carbamic  Acid,  CO<Qjy- 2,  is  not  known  in  the  free  state, 

that  is  as  a  hydrogen-salt,  but  its  ammonium-salt,  (C0)(NH2)(0NH^), 
enters  into  the  composition  of  commercial  carbonate  of  ammonia, 
and  is  produced,  as  abeady  noticed  (i.  362),  by  the  du-ect  combina- 
tion of  carbon  dioxide  and  ammonia-gas.  This  salt  is  easily  obtained 
pure  and  in  large  quantity  by  passing  the  two  gases,  both  perfectly 
dry,  into  cold  absolute  alcohol,  separating  the  copious  crystalline 
precipitate  by  filtration  from  the  greater  part  of  the  liquid,  and 
heating  it  with  absolute  alcohol  in  a  sealed  tube  to  100°,  or  above.* 
The  liquid,  on  cooling,  deposits  ammonium  carbamate  in  large  crys- 
talline laminte,  which,  if  perfectly  dried  over  oil  of  vitriol,  and  then 
heated  in  a  sealed  tube  to  130°-140°,  split  up  into  ammonium  car- 
bonate and  carbamide,  one  molecule  of  it  giving  up  a  molecule  of 
water  to  another : 

2CN2He02    =    CNaH.O    +  (NH,)2C03 

Ammonium  Carbamide.  Ammonium 

carbamate.  carbonate. 

Carbamic  Ethers.  —  Carbamic  acid  forms  acid  and  nentral 
ethers,  accordingly  as  an  atom  of  hydrogen  in  the  group  NH2  or 
OH  is  replaced  by  an  alcohol-radicle. 

Ethylcarhamic  acid,  CO<q.^'^2H5^  is  not  known  in  the  free  state, 

hut  its  ethylammonium-salt,  (C0).NH(C2H5).0NH3(C2H6),  is  pro- 
duced, as  a  snow-white  powder,  by  passing  carbon  dio.xide  into 
anhydrous  ethylamine  cooled  by  a  freezing  mixture.  Its  aqueous 
solution,  Hke  that  of  ammonium  carbamate,  does  not  precipitate 
barium  chloride  unless  aided  by  heat.  The  methylammonium-salt 
of  mcthylcarhamic  acid  is  oljtained  in  a  similar  manner. 

The  neutral  carbamic  ethers  are  called  urethanes.  Ethyl  car- 
bamate, called  simply  methane,  is  produced  :  1.  By  leaving  ethyl 
carbonate  in  contact  with  aqueous  ammonia : 

^0<0§i:    +     NH3    =    C^H^OH     -f     C0<NHj^  . 


*  Kolbe  aud  Basaroff,  Chem.  Soc.  Journal  [2],  vi.  194. 
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2.  By  the  action  of  ammonia  on  ethyl  chlorocarbonate  (alcohol 
saturated  with  phosgene) : 

^'^<OC,R,    +  =    HCl    +  CO<^g|j^ 

3.  By  passing  cyanogen  chloride  into  alcohol : 

CNCl    +    2C2H5(OH)    =    C2H5CI    +    CO<Q^^_  . 

4.  By  direct  union  of  cyanic  acid  with  alcohol : 

CONH    +    C2H5.OH    =    CO<Q^|j^  . 

This  compound  crystallises  in  large  tables,  melts  somewhat  below 
100°,  boils  at  180°;  dissolves  easily  in  water,  alcohol,  and  ether.  It 
is  decomposed  by  alkalis  into  carbon  dioxide,  ammonia,  and  alcohol, 
and  by  ammonia  into  alcohol  and  carbamide : 

GO<gcX  +         =  ^^^^^^  +  C(x^g^ 

The  other  urethanes  homologous  with  ethyl  carbonate,  are  ol> 
tained  by  similar  reactions,  and  exhibit  similar  properties  and  de- 

compositions.  The  methyl-compoimd,  C!0<[QQ-g  ,  forms  tabu- 
lar crystals,  melts  at  52°,  and  boils  at  177°.  The  isopentyl-com- 
pound,  CO<^QQ  ,  ciystaUises  from  hot  water  in  needles  hav- 
ing a  metallic  lustre,  melts  at  66°,  and  boils  at  220°. 

■NTTT 

Thiocarbamic  acid,  CS-cC^-g  2^  is  obtained  by  decomposing  its 

ammonium  salt  with  dilute  sulphuric  acid,  as  a  reddish  oil,  which 
easily  splits  up  into  thiocyanic  acid  and  hydrogen  sulphide  : 

CS(NH2)(SH)  =  CS.NH  +  SHg. 

With  water  it  yields  cyanic  acid  and  hydrogen  sulphide  : 

CS(NH2)(SH)  +  H2O  =  CO.NH  +  2SH2. 

Its  ammonium  salt,  CS(NH2)(S.NH4),  formed  by  the  action  of 
alcoholic  ammonia  on  CS,,  crystallises  in  yellowish  needles  or  prisms. 

Acid  tliiocarbamic  ethere,  or  rather  their  amine-salts,  are  formed 
by  heating  carbon  disulphide  with  amines  in  alcoholic  solution: 
CS2  +  2(C2H,NH,)  =  CS<^H.C2H,^^^ 

Ethylamine.  Ethylammonic 

ethyl-thiocnrbamato. 

On  heating  this  salt  with  caustic  soda,  ethylamine  is  separated,  and 

•  NTT  O  IT 

sodium  ethyl-thiocarbamate,  CS<[g.j^  2  s  ^  jg  produced, from 

which  hydrochloric  acid  separates  ethyl-thiocarbamic  acid, 

■NTtq   p  TT 

*^'^*^SH         '      ^      which  solidifies  to  a  crystalline  mass  on 
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cooling.  By  heating  the  amine  salts  of  ethyl-thiocarhamic  acid  to 
100°,  fdcohoUc  thiocarbamides  are  produced  (p.  399),  e.g., 

^..^NH.C^H,  -    HS    +  rS^N^I-<^2H6 

^^<S(NH3.C2H.)     -    -"2^    +  '"'=<NH.CX 

Ethylammonic  Ethyl-  Diethyl-thio- 
tliiocarbaraate.  carbamide. 

By  heating  the  same  amine-salts  with  metallic  salts,  as  silver 
nitrate  or  mercuric  chloride,  salts  of ■  ethyl-thiocarbamic  acid 
are  precipitated :  e.g., 

CS<^(gg§H,)  +^g^<^3  =  (NH3.C,H,)N03  +  CS<NH-C2H5  ; 

and  these  salts,  when  boiled  with  water,  yield  thiocarbimides  : 

^^<SAa^'^'    =    AgHS    +  CS^zN.C^Hg. 
(  CO 

Carbimide,  CO^NH  or  N  <  -g  ,  is  the  same  as  cyanic  acid, 

and  many  of  the  reactions  of  cyanic  acid  are  most  appropriately 
represented  by  the  formula  just  given,  especially  its  resolution  into 
carbon  dioxide  and  ammonia  imder  the  influence  of  acids  or  alkalis: 

NH(CO)  +  H2O  -  NH3  +  CO2; 

and  the  corresponding  formation  of  ethylamine  and  its  homologiies, 
by  distilling  isocyanic  ethers  (alcoholic  carbimides)  with  potash 
(p.  98). 

In  like  manner  thiocyanic  acid  or  sulphocyanic  acid,  CNSH,  is 
identical  with  thiocarbimide,  CS=NH,  and  the  isothiocyanic  ethers 
with  alcoholic  thiocarbimides  ;  allyl  isothiocyanate  or  volatile  oil  of 
mustard,for  example,  is  the  same  as  allyl-thiocarbimide,  CS=N.C3H5 
(see  Thiocyanic  Ethers,  p.  104). 

Carbamide  or  TJrea,  CONjH^  =  CO<C]v^ jj^ . — This  compound 

occurs  abundantly  in  the  urine  of  mammalia,  and  in  smaller 
quantity  in  that  of  birds  and  of  some  reptiles  ;  also  in  other  animal 
secretions.  It  is  produced  artificially  :  1.  By  a  transposition  of  the 
constituent  atoms  of  ammonium  isocyanate,  which  takes  place  when 
its  aqueous  solution  is  evaporated  : 

CO=N— NH^    =    C0<^§2 . 

This  transformation,  discovered  by  Wohler  in  1828,  was  the  first 
instance  of  the  artificial  formation  of  a  product  of  the  living 
organism  (p.  1). 

2.  By  the  action  of  ammonia  on  carbonyl  chloride,  or  on  ethylic 
carbonate  : 

COCI2         +  2NH3  =  2HC1  +  GO(NH2)2 

QO{OQil\)^  +  2NH3  =  2(C,,Hr,0H)  +  CO(NH2)2. 
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3.  By  heating  ammonium  carbamate  to  130-140° : 

4.  By  heating  oxamide  with  mercuric  oxide  : 

C202(NH2)2  +  HgO  =  CO2  +  Hg  +  C0(NH2),.  j 

5.  By  the  action  of  small  quantities  of  acids  on  cyanamide :  j 

C<^g    +    HP    =  CO<^'g^. 

It  is  also  produced  by  the  action  of  alkalis  on  creatine  and  allan- 
toin,  and  by  oxidation  of  uric  acid,  guanine,  and  xanthine. 

.Preparation. — 1.  From  urine.    Fresh  human  urine  is  concen- 
trated in  a  water-bath,  until  reduced  to  an  eighth  or  a  tenth  of  its 
original  volume,  and  filtered  thi'ough  cloth  from  the  insoluble 
deposit  of  urates  and  phosphates.    The  liquid  is  mixed  with  about 
an  equal  quantity  of  strong  solution  of  oxalic  acid  in  hot  water,  and 
the  whole  vigorously  agitated  and  left  to  cool.  A  very  copious  fawn- 
coloured  crystalline  precipitate  of  urea  oxalate  is  thus  obtained,  which 
may  be  placed  upon  a  cloth  filter,  slightly  washed  with  cold  water, 
and  pressed.    This  is  to  be  dissolved  ia  boiliug  water,  and  powdered 
chalk  added  until  effervescence  ceases,  and  the  liquid  becomes  " 
neutral.    The  solution  of  urea  is  filtered  from  the  insoluble  calcium 
oxalate,  warmed  with  a  little  animal  charcoal,  again  filtered,  and  J 
concentrated  by  evaporation,  avoiding  ebullition,  until  crystals  form  I 
on  cooling  :  these  are  purified  by  a  repetition  of  the  last  part  of  the  ; 
process.    Another  process  consists  in  precipitating  the  evaporated  ' 
uriue  with  concentrated  nitric  acid,  when  urea  nitrate  is  precipitated, 
which  is  purified  by  recrystallisation  with  the  aid  of  animal  char- 
coal, and,  lastly,  decomposed  by  bariixm  carbonate,  whereby  a 
mixture  of  barium  nitrate  and  urea  is  formed,  which  is  to  be  evapo- 
rated to  dryness  on  the  water-bath,  and  exhausted  with  hot  alcohol ; 
the  urea  then  crystallises  on  cooling.    Urea  may  also  be  extracted  ] 
in  great  abundance  from  the  urine  of  horses  and  cattle  didy  con- 
centrated, and  from  which  the  hippiuic  acid  has  been  sej)arated  by 
addition  of  hydrochloric  acid ;  oxalic  acid  then  thi-oM's  down  the 
oxalate  in  such  quantity  as  to  render  the  whole  semi-solid. 

2.  From  ammonium  isocyanate.^ — Potassium  isocyanate is  dis- 
solved in  a  small  quantity  of  water,  and  a  quantity  of  dry  neutral 
ammoniimi  sulphate,  equal  in  weight  to  the  cyanate,  is  added.  The 
whole  is  evaporated  to  dryness  in  a  water-bath,  and  the  dry  residue 
boiled  with  strong  alcohol,  which  dissolves  out  the  urea,  leaving  the 
potassium  sulphate  and  the  excess  of  ammonium  sulphate  untouched. 
The  filtered  solution,  concentrated  by  distilling  oft'  a  portion  of  the 
spirit,  deposits  the  urea  in  beaiitiful  crystals  of  considerable  size. 
According  to  J.  Williams,*  isocyanate  of  lead  is  more  convenient  for 
this  preparation  than  the  potassium  salt.    It  is  to  be  digested  at  a 

*Chem.  Soc.  Journal  (1868),  xxi.  63. 
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gentle  heat  in  a  sufficient  quantity  of  M'ater  with  an  equivalent 
(|uantity  of  ammonium  sulphate,  and  the  liquid  filtered  and 
e\'apo  rated. 

Urea  forms  transparent,  colourless,  four-sided  prisms,  which  are 
anhydrous,  soluble  in  an  equal  weight  of  cold  water,  and  in  a  mucli 
smaller  quantity  at  a  high  temperature.    It  is  also  readily  dissolved 
'  v  alcohol.    It  is  inodorous,  has  a  cooling  saline  taste,  and  is  per- 
lanent  in  moderately  cby  air.    When  heated  it  melts,  and  at  a 
igher  temperature  decomposes,  giving  off  ammonia  and  ammonium 
\  anate,  and  leaving  cyanuric  acid,  which  bears  a  much  greater  heat 
A\  ithout  change.    The  solution  of  urea  is  neutral  to  test-paper;  it  is 
not  decomposed  in  the  cold  by  alkalis  or  by  calcium  hydrate,  but  at 
a  boibng  heat  emits  ammonia,  and  forms  a  metallic  carbonate.  The 
same  change  is  produced  by  fusion  with  the  alkaline  hydrates,  and 
when  urea  is  heated  with  water  in  a  sealed  tube  to  a  temperatui'e 
above  100°: 

COH4N2  -f-  H2O  ^  CO2  +  2NH3. 

Urea,  heated  with  a  large  excess  of  potassium  permanganate,  in  pre- 
sence of  much  free  alkab,  gives  oii"  all  its  nitrogen  Ln  the  fi-ee  state, 
differing,  in  this  respect,  from  most  amides,  the  niti-ogen  of  which  is 
oxidised  by  this  treatment  to  nitric  acid. 

Urea  is  instantly  decomposed  by  nitrous  acid  into  carbon  dioxide, 
nitrogen,  and  water:  COH4N2-l-2N02H  =  C02-F2N2  +  3H20;  this 
decomposition  explains  the  use  of  urea  in  preparing  nitric  ether 
(p.  135).  When  chlorine  gas  is  passed  over  melted  urea,  hydrochloric 
acid  and  nitrogen  are  evolved,  and  there  remains  a  mixture  of  sal- 
ammoniac  and  cyanuric  acid : 

6COH,^T2  4-  3CI2  =  2C3H3N3O3  +  4NH,C1  +  2HC1  +  . 

A  solution  of  pure  urea  shows  no  tendency  to  change  by  keeping, 
and  is  not  decomposed  by  boiling ;  in  the  mine,  on  the  other  hand, 
where  it  is  associated  with  putretiable  organic  matter,  as  mucus,  the 
case  is  different.  In  putrid  urine  no  urea  can  be  found,  but  enough 
ammoniuni  carbonate  to  cause  brisk  effervescence  with  an  acid ;  and 
if  urine,  in  a  recent  state,  lie  long  boiled,  it  gives  off  ammonia  and 
carbonic  acid  from  the  same  source. 

Compounds  op  Urea.— 1.  With  Acids.— Urea,  like  glycocine, 
unites  with  acids,  bases,  and  salts,  but  though  a  diaiuide,  it  com- 
bines with  only  one  molecule  of  an  acid,  one- of  its  amidogen  groups 
being  neutralised  by  the  CO-  group. 

The  nitrate,  CH,,N20.N03H,  is  readily  soluljle  in  water,  and 
crystallises  from  the  aqueous  solution  in  long  prisms,  but  slightly 
soluble  in  nitric  acid,  and  is  thereibre  precipitated  by  nitric  acid 
from  the  aqueous  solution  of  urea.  The  omlate,  (CH4N20)2.C2H204> 
IS  obtained  as  a  white  crystalline  precipitate  by  mixing  the  aqueous 
solutions  of  oxalic  acid  and  urea ;  it  is  but  slightly  soluble  in  water. 
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2.  With  Metallic  Oxides. — On  adding  moist  silver  oxide  to  a 
solution  of  urea,  the  compound,  COH4N2.3Ag20,  is  deposited  as  a 
grey  powder  made  up  of  hue  needles.  Mercuric  nitrate  added  to  a 
solution  of  urea,  mixed  with  potash,  forms  a  white  precipitate  con- 
taining COH4N2.2HgO.  With  mercuric  chloride  a  white  precipitate 
is  formed,  which,  on  boiling  with  water,  turns  yellow,  and  is  con- 
verted into  COH4N2.3HgO.  On  adding  mercuric  oxide  to  a  warm 
solution  of  urea,  the  compound,  COH^Ng.HgO,  appears  to  be  pro- 
duced. 

3.  With  Salts. — On  evaporating  a  solution  of  urea  mixed  with 
sodium  chloride,  the  compound  COH4N2.NaCl  is  obtained  in  shining 
prisms.  The  compound  COH4N2.AgN03  obtained  in  a  similar 
manner,  forms  large  rhombic  prisms. 

Isuretine,  CH4N2O,  isomeric  with  urea,  is  formed  by  direct  com- 
bination of  hydrogen  cyanide  (carbimide)  with  hyclroxy famine  : 
CNH  +  NH30  =  CH4N20,  and  is  obtained  by  evaporation  ui  long 
colourless  needles,  having  a  strong  alkaline  reaction,  and  melting  at 
104°.  Its  hydi-ochloride,  CH4N2O.HCI,  forms  deliquescent  rhombic 
plates. 

Isuretine  decomposes  above  its  melting-pomt,  yielding  a  sublimate 
of  ammonium  carbonate,  and  a  residue  containing  ammelide  (p.  107. 
Its  aqueous  solution  also  decomposes  when  evaporated,  giving  oif 
nitrogen,  ammonia,  and  carbon  dioxide,  and  leaving  a  residue  con- 
taining urea  and  biuret. 

The  constitution  of  isuretine  may  perhaps  be  represented  by  the 

formula  CH<^2.0H- 

Hydroxyl  -  carbamide   or  Hydroxyl  -  urea,    CH4N2O2  = 
NH  OH 

CO<^-j^jj'     ,  is  prepared  by  adding  a  strong  solution  of  potassium 

cyanate  to  a  solution  of  hydroxylaniine  nitrate  cooled  to  — 10°.  It 
dissolves  easdy  in  water  and  in  alcohol,  and  is  precipitated  from 
these  solutions  by  ether  in  white  needles  melting  at  128°-130°. 

Biuret,  CgHfjNjOa,  is  produced  by  heating  urea  to  150°-160°, 
the  change  consisting  in  the  separation  of  one  molecule  of  ammonia 
from  two  molecules  of  urea : 

^*^<nhJ  C0<NH2  . 

The  biuret  is  extracted  from  the  residue  by  cold  water.  It  is  easily 
soluble  in  water  and  in  alcohol,  and  crystallises  in  slender  needles 
containing  one  molecule  of  -water.  Its  aqueous  solution,  mixed  with 
potash,  dissolves  cupric  oxide  wth  red-violet  colour. 

Biuret  heated  above  170°  is  resolved  into  ammonia  and  cyanuric 
acid : 

3C2H5N3O2  =  3NH3  +  2C3H3N3O3. 


ALLOPHANIC  ETHER — TRIGENIC  ACID.  399. 

When  heated  in  a  stream  of  gaseous  hydrogen  chloride,  it  yields 
( viiniuic  acid,  m-ea,  and  guanidine,  CH5N3,  together  with  ammonia 
iiid  carbon  dioxide.    The  formation  of  guanidine  is  represented  by 
:ie  equation : 

Biuret.  Guanidine. 

Ethyl  Allophanate,  C2n3(C2H5)N203  =  C0<^g2^Q  ' 

or  ^3.<^qq'^^2j  ,  is  produced  by  the  action  of  ethyl  chlorocar- 
houate  on  lu'ea : 

CO<xNH:  +  COCLO.CH,  =  HCl  +  CO<gg^(.o  (^^.H, ' 
or  by  passing  cyanic  acid  vapour  into  absolute  alcohol ; 

2(C0.NH)  +  C,H,OH  =  CO<|g^(.o.OCA ' 

This  ether  forms  shining  prismatic  crystals,  soluble  in  hot  water 
and  in  alcohol.  Treated  with  caustic  baryta,  it  yields  the  barium 
salt  of  allophanic  acid^  C2H4N2O3,  but  the  acid  itseK  cannot  be 
obtained  in  the  free  state,  as,  when  separated  from  the  barium  salt 
by  a  mineral  acid,  it  is  immediately  resolved  into  urea  and  carbon 
dioxide.  A  series  of  allophanic  ethers  may,  however,  be  prepared 
by  the  action  of  cyanic  acid  on  various  alcohols. 

Allophanic  acid  is  related  to  biuret  in  the  same  manner  as 
carbamic  acid  to  urea : 


Carbamic  acid.  Urea. 


AUopli.mic  acid.  Biuret. 
In  other  words,  biuret  is  the  amide  of  allophanic  acid. 

■NTTT 

Trigenic  Acid,  C4H7N302=CO<^g2^Q -^_q  jj  ,  is  produced 

by  passing  cyanic  acid  vapour  into  cold  aldehyde : 

3(C0.NH)  +  C2H4O  =  CO2  +  O4H7N3O2. 

It  crystallises  in  prisms  slightly  soluble  in  water  and  in  alcohol,  and 
decomposing  when  lieated. 
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Derivatives  of  Carbamide.— Compound  Ureas. 

The  hydrogen  in  carbamide  may  be  replaced  by  alcoholic  or  by 
acid  radicles. 

1.  The  alcoholic  derivatives  are  formed  by  processes  similar 
to  those  which  yield  carbamide  itself,  namely,  by  the  action  of 
amines  on  cyanic  acid,  or  of  ammonia  and  amines  on  cyanic 

GtllGX'S  ' 

CO=NH      +    NH,0,H,    -  00<ggfA|Ethyl.ar„. 
00=N.CH,  i+    NH.  -    C0<g|'==3   j  Methyl^carL- 

CO=N.C,H.+  NH,.CH.  =  CO<S|gi|^.  j  "SS" 
CO=N.CA  +    NH(C,H.),  =    C0<™.  j  Wear,,- 

They  are  also  produced  by  heating  isocyanic  ethers  with  water,  the 
reaction  apparently  tating  place  by  two  stages,  thus : 

CO=N.C2H5  +  H2O  =  CO2  +  NH2.C2H5 
and  CO=N.C2H5  +  NH^.C^H^  =  C0<5[Jg;gA. 

These  compounds  greatly  resemble  urea  in  their  properties  and 
reactions.  They  combine  with  one  equivalent  of  an  acid.  By 
IjoiUng  with  alJialis  they  are  resolved  into  carbon  dioxide  and 
amines. 

NH  CH 

Methyl-carbamide,  CO<i-[^jj'  %  crystallises  ia  long  trans- 
parent prisms.  Its  aqueous  solution  is  neutral  to  test-paper,  and  if 
somewhat  concentrated  yields  with  nitric  acid  a  precipitate  of  the 
salt  aHuNaO.HNOg. 

NH  CH 

Dimethyl-carbamide,  CO<C-[^jj'qj£^ >  produced  by  the  action 

of  water  or  of  methylamine  on  methyl  cyanate,  crystallises  easily, 
melts  at  97°,  volatilises  without  alteration,  and  forms  with  nitric 
acid  the  salt  CaHyNaO.HNOg. 

NTT  P  TT 

Ethyl-carbamidt,  GO<C.^j^         ,  forms  large  prisms,  easily 

soluble  in  water  and  in  alcohol,  melting  at  92°.  Nitric  acid  does  • 
not  precipitate  its  aqueous  solution,  but  crystals  of  the  nitrate  ■ 
CH^NjO.HNOa  are  obtained  on  evaporation. 

Diethyl-carbamide,  CON2H2(C2H5)2.— Of  this  compound  there 
are  two  modifications. 

NTT  O  TT 

cc-Diethyl-carbamide,  C0<^g-^2gS  ,  formed  by  the  action  of  I 
water  or  of  ethylamiue  on  ethyl  cyan'ate  (see  above),  crystallises  in 
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long  prisms,  melts  at  112°,  and  boils  without  decomposition 
;it  263°. 

(i-Diethyl-carhamide,  CO  Cnh!^^^^^  '  formed  by  the  action  of 
(liethylamine  on  cyanic  acid : 

CO=NH  +  NH(C2H5)2  =  CO<^^^J^5)2, 

It  melts  at  97°,  and  boils  at  270°-280°. 

Methyl-ethyl-carlamiAe,  CO-<-j^jj"q  j|  ,  formed  by  the 
action  of  methylamine  on  ethyl  isocyanate,  is  very  deliquescent. 

Triethyl-carhamide,  ^O^'^'^q^^  >  is  easily  soluble  in 
•  water,  alcohol,  and  ether,  melts  at  53°,  and  distils  at  223°. 

Allyl- carlamide,  CO<Cj^g^  ^  from  allyl  isocyanate  and 
i  ammonia,  crystallises  in  fine  prisms. 

Diallyl-carbamide  or  SinapolineyCO^C-^-^Q^-^^ ,  is  formed 

by  heating  allyl  isocyanate  with  water : 

2(CO=N.C3H5)  +  HgO  =  CO2  +  CO(NH.C,H5)2 , 

or  by  heating  allyl-isothiocyanate,  CS=N.C3H5,  (volatile  oil  of 
mustard)  with  water  and  lead  oxide,  whereby  diallyl-thiocarbamide, 
CS(NH.C3H5)2,  is  first  produced,  and  then  converted  into  diallyl- 
carbamide  by  the  action  of  the  lead  oxide.  Diallyl-carbamide 
crystallises  in  large  shining  lamiuaj,  sliglitly  soluble  in  water,  having 
an  alkaline  reaction,  and  melting  at  100°. 

Ethene-dicarhamide,  CiKio^fi2  =  CMi<^^~QQ'Z^u^^ 
formed   by  heating  ethene-diamine  hydrochloride  with  silver 
cyanate : 

C2H,(NH2)2.2HC1  +  2CN0Ag  =  2AgCl  +  C202(NH2)2(NH)2.C2H4 . 

It  is  sparingly  soluble  in  alcohol,  easily  in  hot  water,  melts  Avith 
decomposition  at  192°. 

Diethyl-ethene-carhodiamide,  C202(NH.C2H(;)2(NH)2(C2H,,), 
admits  of  two  modifications,  viz.  : 

p  TT  ^NH— CO— NH(C2H,)     T  p  TT  ^NCCaHJ— CO-NH2 
W<NH-CO-NH(C;H  j  C2H,<jjJc2H;)-CO-NH2' 

the  first  produced  from  ethyl  isocyanate  and  ethene-diamine,  the 
second  from  cyanic  acid  and\lietliyl-ethene-diamine. 

Alcoholic  carbamides  containing  diatomic  radicles  are  also  pro- 
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duced  by  combination  of  carbamides  with,  aldehydes,  with  elimi- 
nation of  water  j  e.g., 

C3H.<gg-l;i;     =    2C0<gg^    +    C3H,0    -  H,0 

Allylene-dl-  Cavbamide.  Acrolein, 

carbamide. 

In  like  manner  the  compoimds, 

^00  N  H  aH„<CO.N2H3 

Heptene-dicarb-  Diheptene- 
aralde.  ti-icarbiimide. 

are  produced  from  carbamide  and  oenanthol.  All  these  aldehydic 
carbamides  are  resolved  by  boiling  with  water  into  carbamide  and 
aldehyde. 

2.  Containing  Acid  Radicles. — Carbamides  containing  mona- 
tomic  acid  radicles  are  formed  by  the  action  of  acid  chlorides  or 
anhydrides  on  carbamide.  They  are  not  capable  of  forming  saltat 
with  acids.  Alkalis  decompose  them  into  carbamide  and  the  corre- 
sponding acid.  ,  1 

NH  C  H  0  .  ' 

Acetyl-carbamide,CO<^j^^  ^  ^  ,  crystallises  in  long,  silky 

needles,  melting  at  112°,  slightly  soluble  in  cold  water  and  alcohol, 
decomposed  by  heating  into  acetamide  and  cyanuric  acid. — Chlor- 
acetyl-carbamide,  C3H5CIN2O2  =  CO(NH2)(NH.C2H2C10),  forms 
laminae  easily  soluble  ia  water,  and  is  resolved  by  heat  into 
hydrochloric  acid  and  hydantoin,  CgHjNjOg. — Bromacetyl-carbamide, 
CsHgBrNgOj,  crystallises  in  needles  slightly  soluble  in  water,  and  is 
decomposed  by  heat  in  a  similar  manner. 

Diacetyl-carhamide,  CO(NH.C2H30)2,  produced  by  the  action  I 
of  acetic  anhydride  on  carbamide,  orof  carbonyl  chloride  on  acetamide, 
crystallises  in  needles,  and  sublimes  without  decomposition. 

Carbamides   containing   diatomic  acid   radicles,  such  as 
NH 

glycolyl-carhamide,  CO<^-^jj^C2H20,  are  obtained  as  derivatives 
of  uric  acid,  and  will  be  described  iu  connection  therewith. 

TSTTT 

TMocarbamide  or  Thio-urea,  CS<;-j^jj2  ^  also  called  Sulplw- 

carbamide  and  Su^olmrca. — This  compound  is  formed  by  heating 
ammonium  thiocyanate  to  170"  in  the  same  manner  as  carbamide  is 
formed  from  ammonium  cyanate.  It  crystallises  iii  silky  needles 
or  thick  rhombic  prisms,  easily  soluble  in  water  and  alcohol,  spar- 
ingly in  ether,  melts  at  146°,  aud  decomposes  at  a  higher  tem- 
perature, giving  off  carbon  disulplude,  hydrogen  sulphide,  and 
ammonia,  and  leaving  melam  (p.  107).  When  lieated  with  ivater 
to  140°  it  is  reconverted  into  ammonium  sulphocyauate,  and  by 
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boiling  with  alkalis,  or  with  hydrochloric  or  sulphiu-ic  acid,  it  is 
decomposed  according  to  the  equation  : 

CSN^Hi  +  2H2O  =  CO2  +  2NH3  +  H^S. 

;  In  contact  with  the  oxides  of  silver,  mercury,  or  lead,  and  water,  it 
is  converted  at  ordinary  temperatures  into  cyanamide,  CN.NHg, 
land  by  boiling  into  dicyanodiamide,  CgN^H^  (p.  106).  ' 

Thiocarbamide,  like  carbamide,  forms  salts  containing  one  ecpiiva- 
lent  of  acid.    The  nitrate,  CSN2H^.HN03,  forms  large  crystals. 
_  Alcoholic  derivatives  of  thiocarbamide  are  formed  by  processes 
■  similar  to  those  employed  in  the  preparation  of  the  alcoholic  car- 
bamides;  e.g., 

CS=i\(C,H,)    +    NH3    =  CS<JJ|(^2H5) 

Ethyl  thiocyanate.  Ethyl-tliio- 

carbamide. 

CS=N(C,H,)    +    NH,(CH3)    =  CS<g|(C2H,) 

Mcthyl-ethyl- 
thiocarbamide. 

Ethylammonium  Diethyl-thio- 
Ethyldithiocarbamate.  carbamide. 

These  compounds  are  desulphurised  by  heating  them  with  water 
and  mercuric  oxide,  the  sulphur  being  replaced  by  oxygen.  Those 
containing  two  equivalents  of  alcohol-radicle  are  converted  by  this 
ireaction  into  the  corresponding  carbamides  • 


kwhereas  the  mono-substituted  derivatives  are  converted,  by  further 
(Separation  of  hydrogen  sulphide,  into  alcoholic  cyanamides 
i(melamine8,  p.  107) : 

^S<NSf'"'^    =    H,S    +  CN.NH(C,H,). 

Ethyl-tliiocarb-  Ethyl- 
^rni'Is-  cyanamide. 

When  the  bisub.stituted  thiocarbamides  arc  heated  with  mercuric 
:oxide  and  amines,  the  oxygen  of  the  substituted  carbamide  formed 
tn  the  first  instance  is  replaced  by  imidogen,  NH,  and  substituted 
'gtianidines  are  produced  ;  thus  : 


"^^<NH  C  h'  +  NH2.C,H,.  -f  HgO  =  HgS  +  H,0  +  C^N.C.H  . 

Trietbyl- 
;uanadino. 

Ethijl-lhiocarhcmide,  CS(NH2)(NH.C2Hf,),  crystallises  in  needles 
^melting  at  89°.    JJiethyl-lhiocarbamide,  afc5(NH.Ci,H6)2,  forms  large 
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crystals  sparingly  soluble  in  water,  and  melting  at  77°.  Methylethyl- 
thiocarhamide,  CS(NH.CH3)(NH.C2H5),  melts  at  54°. 

NH  C  H 

AUyl-thiocarbamide,  or  Thiosinnamine,  CS<C-]y]--g'  ^  ^ ,  obtained 
by  combination  of  allylthiocarbimide  (mustard-oil)  with  ammonia  : 
•  CS^N.OsH,  +  NH3  =  CS<JJg^^3H5^ 

crystallises  in  shining  rhombic  prisms,  having  a  bitter  taste,  melting 
at  70°,  and  decomposing  at  a  higher  temperatm-e  ;  easily  soluble  ia 
water,  alcohol,  and  ether.  Its  salts  are  decomposed  by  water.  By 
boiling  with  mercimc  oxide  or  lead  oxide  and  water,  it  is  converted 
into  ailyl-cyanamide,  CN.NH.C3H5,  which  is  then  further  converted, 
as  above  explaiaed,  into  triallylmelamine  or  sinnamine, 
C3N3(NH.C3H,)3. 


CABBAMIDE8  CONTAINING  DIATOMIC  ACID  RADICLES  : — 
URIC  ACID  AND  UREIDES. 

Uric  Acid,  CgN4H403,  formerly  called  Lithic  acid,  is  a  product 
of  the  animal  organism,  and  has  never  been  formed  by  artificial 
means.  It  may  be  prepared  from  human  urine  by  concentration  and 
addition  of  hydrochloric  acid,  and  crystallises  out  after  some  time 
in  the  form  of  small,  reddish,  transkicent  grains,  very  difficidt  to 
purify.  A  much  preferable  method  is  to  employ  the  solid  white 
excrement  of  serpents,  which  can  be  easily  procm-ed  :  this  consists 
almost  entirely  of  uric  acid  and  ammonium  urate.  It  is  reduced  to 
powder,  and  boiled  in  dilute  solution  of  caustic  potash  ;  the  Uqmd, 
filtered  from  the  insignificant  residue  of  feculent  matter  and  eartliy 
phosphates,  is  mixed  with  excess  of  hydi-ochloric  acid,  boiled  for  a 
few  minutes,  and  left  to  cool.  The  product  is  collected  on  a  filter, 
washed  until  free  from  potassium  chloride,  and  dried  by  gentle 
heat. 

Uric  acid,  thus  obtained,  forms  a  glistening,  snow-white  po-wder, 
tasteless,  inodorous,  and  very  sparingly  soluble.  It  is  seen  under 
the  microscope  to  consist  of  minute,  but  regular  crystals.  It  dis- 
solves in  concentrated  sulphuric  acid  without  apparent  decomposi- 
tion, and  is  precipitated  by  dilution  with  water.  By  destructive 
distillation,  uric  acid  yields  cyanic  acid,  hydrocyanic  acid,  carbon 
dioxide,  ammonium  carbonate,  and  a  black  coaly  residue,  rich  in 
nitrogen.  By  fusion  with  potassium  hycboxide,  it  yields  potassium 
carbonate,  cyanate,  and  cyanide.  When  treated  with  nitric  acid 
and  with  lead  dioxide,  it  undergoes  decomposition  in  a  manner  to 
be  presently  described. 

Uric  acid  is  bibasic  :  its  most  important  salts  are  those  of  the 
alkali-metals.  Acid  fotassvim  %iraie,  C^lS^Yl^KO^,  is  deposited 
from  a  hot  saturated  solution  of  lu'ic  acid  in  the  dilute  alkali,  as  a 
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white,  sparingly  soluble,  concrete  mass,  composed  of  minute 
needles  :  it  requires  about  500  parts  of  cold  water  for  solution  is 
rather  more  soluble  at  a  high  temperatm-e,  and  much  more  soluble 
111  excess  of  alkali.  Sodium  urate  resembles  the  potassium-salt  • 
It  forms  the  chief  constituent  of  the  gouty  concretions  in  the  joints" 
called  chalk-stones.  Ammonium  urate  is  also  a  sparingly  soluble 
compound,  requiring  for  solution  about  1000  parts  of  cold  water  ■ 
the  solubility  is  very  much  increased  by  the  presence  of  a  small 
quantity  of  certain  salts,  as  sodium  chloride.  The  most  common 
ot  the  iirmary  deposits,  forming  a  buff-coloured  or  pinkish  cloud 
or  muddmess,  which  disappears  by  redissolution  when  the  urine  is 
warmed,  consists  of  a  mixture  of  different  urates. 

Uric  acid  is  perfectly  well  characterised,  even  when  in  very 
small  quantity,  by  its  behaviour  with  nitric  acid.  A  small  portion 
i  mixed  with  a  drop  or  two  of  nitric  acid  in  a  small  porcelain  capsule' 
dissolves  with  copious  effervescence.  When  this  solution  is 
cautiously  evaporated  nearly  to  cbyness,  and,  after  the  addition  of  a 
little  water,  mixed  wth  a  slight  excess  of  ammonia,  a  deep-red  tint 
oi  murexide  is  immediately  produced. 

_  Impure  uric  acid,  in  a  more  or  less  advanced  state  of  decomposition 
is  imported  mto  this  country,  in  large  quantities,  for  use  as  a  manure, 
under  the  name  oi  guano  or  huano.  It  comes  chiefly  from  the  barren 

i  and  unmhabited  islets  of  the  western  coast  of  South  America,  and  is 
the  production  of  the  countless  birds  that  dwell  undisturbed  in 
those  regions.  The  people  of  Peru  have  used  it  for  ages.  Guano 
usually  appears  as  a  pale-brown  powder,  sometimes  with  whitish 
specks  ;  it  has  an  extremely  oflfensive  odour,  the  strength  of  which 
however,  varies  very  much.  It  is  soluble  in  great  part  in  water,  and 
ttie  solution  is  foimd  to  be  extremely  rich  in  ammonium  oxalate,  the 

;  acid  having  been  generated  by  a  process  of  oxidation.    Guano  also 

:  contains  a  base  called  guanine. 


Products  formed  from  Uric  Acid  hj  Oxidation,  c&c. 
When  uric  acid  is  subjected  to  the  action  of  an  oxidisii^  agent  in 
presence  of  water,  it  gives  up  two  of  its  hydrogen-atoms  to  the 
oxidising  agent,  while  the  dehydrogenised  residue  (which  may  be 
caUed  dehyduric  acid)  reacts  with  water  to  form  mesoxalic 
acid  and  urea: 

C^HjN^Og    -f-    4H2O    =    C3H2OS    +  2CH.,N20 

Dehydnric  Mesoxalic  Urea, 

acid.  ackl. 

The  separation  of  the  urea  generally  takes  place,  however,  by 
two  stages,  the  first  portion  being  removed  more  easily  than  the 
'Second  ;  thus,  when  dilute  nitric  acid  acts  upon  uric  acid,  alloxan 
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is  produced;  and  this,  when  heated  with  haryta-water,  is  further 
resolved  iato  mesoxalic  acid  and  urea : 

aN.H^Og    +    2H2O    =  +  CN^H.O 

Dehydui-ie  Alloxan.  Urea, 

acid. 

aN,H,0,    +    2H2O    =    C3H2O5    +  CN^H.O 

Alloxan.  Mesoxalic  Urea. 

acid. 

Alloxan  is  a  monureide  of  mesoxalic  acid— that  is  to  say,  it  is  a 
compound  of  that  acid  with  one  molecule  of  urea  nmius  2H2O ;  and 
the  hypothetical  dehydvmc  acid  is  the  diureide  of  the  same  acid, 
derived  from  it  by  addition  of  2  molecules  of  urea  and  suhti-action 
of  4  molecules  of  water.  Now,  by  hydrogemsing  mesoxalic  acid, 
we  obtain  tartronic  acid,  C3H4O5  (p.  358) ;  and  by  hydrogemsmg 
alloxan,  we  obtain  dialuric  acid,  which  two  bodies,  accordingly, 
bear  to  uric  acid  the  same  relation  that  mesoxalic  acid  and  urea  beai 
to  dehydmic  acid ;  thus : 

Mesoxalic  Alloxan.  Dehydmic 

acid. 

Tartronic  Dialuric  acid.  Uric  acjd. 

acid. 

and  iust  as  the  hypothetical  dehyduric  acid  yields  mesoxalic  acid 
and  aUoxan,  so  should  actual  uric  acid  yield  tartronic  and  dialimc 
acids.    These  bodies,  however,  have  not  been  obtamed  by  ttie  s 
direct  brealdng-up  of  uric  acid,  but  only  by  rehydrogenismg  the  ! 
mesoxalic  acid  and  aUoxan  which  result  from  the  breakmg-up  otite  - 
dehydrogenised  product.     ProvisionaUy,  however,  dialuric  ana 
m-ic  acids  may  be  regarded  as  tartron-ureide  and  tartron-diureide 
respectively: 

Tartronic  Urea.  Dialiu-ic  acid, 

acid. 

CaH.Os    +    2CHiN20    -    4H2O    =  C^H^N.Oa. 

Tartronic  Urea.  Uric  acid, 

acid. 

The  bodies  just  mentioned  may  be  regarded  as  typical  of  three  1 
well-defined  classes  of  compounds,  to  one  or  other  of  which  a  v^  ' 
large  number  of  m-ic  acid  products  may  be  referred,  viz. :  (I)- 
azotised  bibasic  acids,  such  as  mesoxalic  and  tartronic  acid;  W 
Monureides,  such  as  dialuric  acid  and  f^llo^^J^'  contammg  a 
residue  or  radicle  of  such  an  acid,  e.g.,  mesoxalyl,  L3M3  plus  ouc 
ujea-residue,CO<^| ;  (3).  Diureides,  such  as  uric  acid  itself, 
containing  an  acid  residue  together  with  two  ui-ea-residues. 
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Monur  eides. 
These  campouncls  may  be  regarded  as  carbaniides  or  ureas  in 
which  part  of  the  hydi-ogen  (generaUy  half)  is  rephiced  by  diatomic 
acid  radicles.    They  are  either  4-carbon  compounds  belono-in^  to 

the  mesoxalic  series,  and  containing  the  radicle  QQ>CO(mesoxalyl), 

or  radicles  derived  from  it,— or  3-carbon  compounds  beloiKnuo-  to 
the  oxalic  series,  and  containing  the  radicle  CO— CO  (oxalyl),  or 
others  derived  therefrom.    These  relations  are  exhibited  in  the 


following  table 


Urea. 

CO.OH 

CO.  OH 

Mesoxalic  acid. 

^^^NH— CO 

co<  >C0 

NH— CO-^ 

Mesoxalyl-urea 
Alloxan. 

CO<-->OH.OH 

Tartronyl-ni-ca 
Dialuric  ucid. 

^.^^NH— CO^ 

Malonyl-urea 
Barbituric  acid, 

(^Q^NH— CO— 00— CO2H 


2 

AUoxanic  acid. 

CO<Sgzgg>CH.NH, 

Amidobarbiturlc  acid 
Uramil. 

CO<Ngzgg>CH.NO, 

Nitrobarbiturlc  acid, 
DUituric  acid. 

^0<NS=cg>GH.NO 

Nltrosobarbiturlc  acid. 

pn^NH— CO^  r,  ^ 
CO<NH-CO><^<l 

Tlilonuric  acid. 


NH2 
SO2.OH 


CO.OH 
CO.OH 

Oxalic  ucid. 

NH— CO 

Oxalyl-uvea 
I'arabanic  acid. 

.NH— CO 


C0< 


"NH— CH.OH 

Oxyclycolyl-urea 
Allunturic  acid. 


co< 


.NH- 
NH- 


-CO 
-CH 


Glycolyl-urea 
Hydantom. 


Pf.^NH- 


-CO— CO2H 


Oxalurlc  acid. 

p--,^NH-  CO— CO.NH2 


Oxaluraiiilde. 


P(.^NH- 
^"<NH, 


-CH, 


-CO2H 


ITydantnln  or 
Glycoluric  acid. 
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Most  of  these  compouncls,  when  treated  with  alkalis,  are  resolved 
into  the  corresponding  diatomic  acids  and  ui-ea,  or  its  products  of 
decomposition:  e.g., 

+     2H2O     =      C302(OH)2     +  CON2H4 
Alloxan.  Mesoxalic  Urea. 

acid. 

Those  which  contain  the  group  NH,  united  with  CHg,  are  converted 
hy  boiling  with  alkalis,  or  with  strong  hydriodic  acid,  into  amido- 
acids : 

Glycoluric  acid.  Glycocine. 

r.  Mesoxalic  Series. 

Alloxan,  O4H2N2O4. — This  is  the  characteristic  product  of  the 
action  of  strong  nitric  acid  on  uiic  acid  in  the  cold.  It  is  best  pre- 
pared by  adding  1  part  of  pulverised  uric  acid  to  3  parts  of  nitric 
acid,  specific  gravity  1-45,  in  a  shallow  basin  standing  in  cold  water. 
The  resulting  white  crystalline  mass,  after  standing  for  some  hours, 
is  drained  from  the  acid  liquid  in  a  funnel  having  its  neck  stopped 
■svith  pounded  glass,  then  dried  on  a  porous  tile,  and  purified  by 
crystallisation  from  a  small  quantity  of  water. 

Alloxan  crystaUises  by  slow  cooling  from  a  hot  saturated  solution 
in  large  efflorescent  rectangular  prisms  containing  C4H2N2O4  + 4  aq.; 
from  a  solution  evaporatecl  by  heat  it  separates  in  monocliuic  octo- 
hedrons  with  truncated  summits,  containing  C4H2N204  +  aq.  These 
crystals  heated  to  150°-160°  in  a  stream  of  hydrogen  ^ive  off  their 
water,  and  leave  anhydrous  alloxan,  C4N2H2O4.  Alloxan  is  very 
soluble  in  water :  the  solution  has  an  acid  reaction,  a  disagi-eeably 
astringent  taste,  and  stains  the  skin,  after  a  time,  red  or  purple.  It 
forms  a  deep-blue  compound  with  a  ferrous  salt  and  an  alkali,  and 
its  solution,  mixed  with  hydrocyanic  acid  and  ammonia,  yields  a 
white  precipitate  of  oxaluramide ;  these  two  reactions  are  very 
characteristic. 

Alloxan  unites  (like  ketones)  with  alkaline  bisulphites,  forming 
crystalline  compounds. 

Its  aqueous  solution  decomposes  gradually  at  ordinary  tempera- 
tures, more  quickly  on  boihng,  into  alloxantin,  parabanic  acid,  and 
carbon  dioxide : 

3C4H2N2O4    =    C8H4N4OJ    -I-    O3H2N2O3    +  CO2 

Alloxan.  Alloxantin.  Parabanic 

acid 

By  boiling  with  dilute  acids,  alloxan  is  resolved  into  oxalic  acid 
and  urea ;  by  boiling  with  baryta-Avater  or  lead  acetate,  it  is  first 
converted  into  alloxanic  acid,  which  then  splits  up  into  lu-ea  and 
mesoxalic  acid.  By  hydriodic  acid  and  other  reducing  agents, 
alloxan  is  converted,  especially  in  the  cold,  into  alloxantin ;  at  higher 
temperatures  into  dialm-ic  acid. 


ALLOXANIC  AOID — BARBITURIC  ACID. 


405 


AUoxanic  Acid,  aNaH^Og.— The  barium-salt  of  this  acid  is 
(leijosited  m  small,  colourless,  pearly  crystals,  when  baryta-water 
13  added  to  a  solution  of  alloxan  heated  to  60°,  as  long  as  the  v,ve- 
cipitate  first  produced  redissolves,  and  the  filtered  solution  is  then 
left  to  cool.  The  barium  may  be  separated  by  the  cautious  addition 
ot  dilute  sulphuric  acid,  and  the  filtered  liquid,  on  gentle  evapora- 
tion, yields  alloxanic  acid  in  small  radiated  needles.  It  has  an  acid 
taste  and  reaction,  decomposes  carbonates,  and  dissolves  zinc  with 
disengagement  of  hydi-ogen.  It  is  a  bibasic  acid.  The  alloxanatts 
ot  the  alkali-metals  are  freely  soluble  :  those  of  the  earth-metals 
dissolve  in  a  large  quantity  of  tepid  water;  that  of  silver  is  quite 
insoluble  and  anhydi-ous. 

On  boiling  its  salts  with  water,  the  alloxanic  acid  is  resolved  into 
urea  and  mesoxalic  acid.  The  free  acid  when  boiled  yields 
oxalantin. 

Dialuric  Acid,  C4H4N2O4,  is  the  final  product  of  the  action  of 
reducmg  agents  on  alloxan,  and  is  formed  when  sulphuretted  hycbo- 
gen  is  passed  through  a  boiling  solution  of  alloxan  till  no  further 
action  takes  place :  C4H2N2O4  +  R^S  =  C^H^N^O^  +  S.  On  add- 
ing to  an  aqueous  solution  of  alloxan,  first  a  small  quantity  of 
hydrocyanic  acid  and  then  potassiiun  carbonate,  the  potassium  salt  of 
dialuric  acid  separates  out  in  granular  crystals,  whilst  oxalirrate 
remains  dissolved : 

2C,H,N20,  +  2K0H  =  C.HgKN^O^  +  CgHgKN^O^  -f  CO,. 

_  Dialuric  acid  separated  from  its  salts  by  hydrochloric  acid  crystal- 
lises in  needles,  has  a  strong  acid  reaction,  and  when  exposed  to 
the  air  turns  red,  absorbs  oxygen,  and  is  converted  into  alloxantin  : 

2C4H4N2O4  +  0  =  2H2O  +  C8H4N4O7. 

Barbituric  Acid,  C^H^N^Og,  is  formed  by  the  action  of 
sodium- amalgam  or  hydriodic  acid  on  dibromobarbituric  acid  ;  also 
by  heatmg  a  solution  of  alloxantin  with  strong  sulphiuic  acid,  bar- 
bituric acid  then  separatmg  out,  while  parabanic  acid  remains  in 
solution. 

Barbituric  acid  crystallises  in  beautiful  prisms  containing  two 
molecules  of  water.  It  is  bibasic,  and  yields  chiefly  acid  salts, 
which  are  obtained  by  treating  the  corresponding  acetates  with 
barbituric  acid. 

Barbituric  acid  is  converted  by  fuming  nitric  acid  into  dilituric 
acid  ;  by  potassium  nitrate  into  potassium  violurate.  Wlien  boiled 
with  potash  it  gives  oft"  ammonia,  and  yields  the  potassium-salt  of 
malonic  acid,  C3H4O4  (p.  343),  whence  it  appears  to  have  the 

constitution  of  malonyl-urea,  CO<^g~^Q>CHa . 

Dibromobarbituric  acid,  Q.HaBrijNA  =  C0<^ JJ-gg>CBr;,, 
is  formed  by  the  action  of  bromine  on  barbituric,  or  on  iiitro- 


406 


MONUBEIDES. 


nitroso-,  or  amido-barbituric  acid ;  also,  together  with  alloxan,  by 
the  action  of  bromine  on  hydurilic  acid : 

CgHeN.Oe  +  Bre  +  H2O  =  04H2N2Br203  +  C^H^N^O,  +  4HBr. 

It  crystallises  in  colourless,  sinning  plates,  or  prisms,  soluble  in 
water,  very  soluble  in  alcohol  and  ether.  By  hydrogen  sulphide,  in 
presence  of  water,  it  is  reduced  to  dialuric  acid : 

C^HsNgBrsOj  +  H^S  +  H^O  =  C^H^NsO^  +  2HBr  +  S. 

When  chlorine  or  bromine  acts  upon  a  warm  solution  of  dibromo- 
barbituric  acid,  carbon  dioxide  is  eliminated  and  tribromacetyl- 

urea,  CO<SS'^^'^'^^=',  is  produced.    This  compound  melts  at 

JN  -tl2 

148°,  and  yields  bromoform  when  boiled  with  water. 

Monobromoharbituric  acid,  C4H3BrN203,  produced  by  the 
action  of  zinc  or  aqueous  hydrocyanic  acid  on  dibromobarbituric 
acid,  forms  crystals  sparingly  soluble  in  water. 

Nitrobarbituric  or  Dilituric  acid,  C4H3(N02)No03,  is 
formed  by  the  action  of  fuming  nitric  acid  on  barbituric  acid,  or  of 
ordinary  nitric  acid  on  hydurilic  acid.  lb  crystallises  in  colourless 
square  prisms  containing  SHgO,  soluble  in  water  with  yellow 
colom-.  It  appears  to  be  tribasic,  but  is  most  inclined  to  form  salts 
containing  only  one  equivalent  of  metal.  Its  salts  are  very  stable, 
most  of  them"  resisting  the  action  of  mineral  acids.  By  heating 
with  bromine,  it  is  converted  into  dibromobarbituric  acid. 

Nitrosoharbituric  or  Violuric  acid,  C4H3(NO)N203,  is 
formed  by  the  action  of  nitric  acid  of  specific  gravity  1-2  on  hydu- 
rilic acid,  also  by  that  of  potassium  nitrite  on  barbituric  acid.  The 
resulting  solution  is  mixed  with  bariiim  chloride,  and  the  barium 
salt  thereby  precipitated  is  decomposed  by  sulphuric  acid. 

Violuric  acid  crystallises  in  yellow  rhombic  octohedi-ons  contain- 
ing one  molecule  of  HgO,  moderately  soluble  in  water.  It  fonns 
blue,  violet,  or  yellow  salts  containing  one  equivalent  of  metal 
The  potassium  salt,  C4H2K(NO)N203  -I-  SHgO,  forms  dark  blue 
prisms,  dissolving  in  water  with  violet  colour.  The  sodium  salt 
is  dark  red.  The  solution  of  the  acid  is  coloured  dark  blue  by- 
ferric  acetate,  and  on  adding  alcohol  to  the  solution,  a  ferric  salt  is 
precipitated  in  six-sided  laminse  having  a  red  colour  and  metallic 
lustre.  . 

Violuric  acid  heated  with  potash-ley  is  resolved  into  urea  and 
nitrosomalonic  acid : 

C,H3(NO)N203  +  2H2O  =  CON2H,  +  C3H3(NO)04. 

Amidobarbitiiric  acid,  C4H3(NH2)N203,  also  called  Uramil, 
Dialuramide,  and  Murexan,  is  formed  by  the  action  of  liydriodic 
acid  on  violuric  acid  or  dilituric  acid,  or  by  boiling  a  solution  of 
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ammonium  thiouurate  witli  hydrocliloric  acid.  It  is  best  prepared 
by  boiKng  alloxantin  with  an  aqueous  solution  of  sal-ammoniac  : 

CsH.N.Oy  +  NH3.HCI  =  C4H3(NH2)N303  +  QHgNjO,  +  HCl 

Alloxantiii.  Uramil.  Alloxan. 

It  crystallises  in  coloiu'less  needles,  turning  red  on  exposure  to  the 
ail-,  nearly  insoluble  in  cold  water,  slightly  soluble  in  boiling  water, 
easily  in  alkalis.  The  ammoniacal  solution  becomes  piu-ple  on 
exposure  to  the  air,  and  yields  murexid  on  boiling.  Uramil  is 
decomposed  by  strong  nitric  acid,  with  formation  of  ammonium 
nitrate  and  alloxan : 

C4H5N3O3  +  0  =  NH3  +  C4H2N2O4. 
Heated  with  aqueous -poiassmm  cycmate  it  is  converted  into  pseudo- 
uric  acid  (p.  411):  C4H.N303+CNHO  =  C5HcNA-— By  the 
action  of  mercuric  or  argentic  oxide  suspended  in  boiling  water,  it  is 
converted  into  murexid. 

Thionuric  Acid,  C,H5N3SOe=CO<JJ|-gg>C<g5^|j  . 

— This  acid,  which  contains  the  elements  of  alloxan,  ammonia,  and 
sulphurous  oxide  (C4H2N0O4-I-NH3-I-SO2),  is  formed,  as  an  am- 
monium-salt, when  a  cold  solution  of  alloxan  is  mixed  with  a 
saturated  aqueous  solution  of  sulphurous  acid,  in  such  quantity  that 
the  odour  of  the  gas  remains  quite  distinct :  an  excess  of  ammonium 
carbonate  mixed  with  a  little  caustic  ammonia  is  then  added,  and 
the  whole  boiled  for  a  few  minutes.  On  cooling,  ammonium 
thiouurate  is  deposited  in  colourless,  crystalline  plates,  which,  by 
solution  in  water  and  re-crystallisation,  acquire  a  fine  pink  tint.  By 
converting  it  into  a  lead  salt,  and  decomposing  the  latter  with 
hydrogen  sulphide,  thioniiric  acid  is  obtained  as  a  white  crystalline 
mass,  very  soluble  in  water.  When  its  solution  is  heated  to  the 
boiling  point,  it  is  resolved  into  sulphiiric  acid  and  uramil : 

C4H6N3SOe  +  H2O  =  H2SO4  +  C4H5N3O3. 


2.  Oxalic  Series. 

/NH— CO  ^    ,  , 
■  Parabanic  Acid,  C3H2N203=CO<^^jj  Oxalylurea.— 

This  is  the  characteristic  product  of  the  action  of  moderately  strong 
nitric  acid  on  uric  acid  or  alloxan,  ivith  the  aid  of  heat;  fornied  also 
from  the  same  substances  by  oxidation  with  manganese  dioxide  and 
sulphuric  acid : 

C5H4N4O3  -f  O2  +  2H2O  =  C3H2N2O3  -I-  2CO2  4-  2NH3. 

It  is  conveniently  prepared  by  heating  1  part  of  uric  acid  witli  8 
parts  of  nitric  acid  till  the  reaction  has  nearly  ceased  ;  the  liquid 
is  evaporated  to  a  syrup  and  left  to  cool  ;  and  the  product  drained 
from  the  mother-liquor  is  purified  by  recrystalliaation.  Parabanic 
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acid  forms  colourless,  transparent,  thin,  prismatic  crystals,  permanent 
in  the  air  :  it  is  easily  soluble  in  water,  has  a  pure  and  powerfully 
acid  taste,  and  reddens  litmus  strongly.  Neutralised  with  ammonia, 
and  boiled  for  a  moment,  it  yields  on  cooling  crystals  of  the  am- 
monium salt  of  oxaluric  acid,  C3H4N2O4,  from  which  the  acid 
may  be  separated  by  sulphuric  acid. 

Parabanic  acid  is  bibasic.     With  the  alkali-metals  it  forms 

^NK— CO 

monometallic  salts,  like  C3HKN2O3  =  ^^"^-[^ jj    (\q  >  "^'l^ich  are 

obtained  as  crystalline  precipitates  on  adding  potassium-  or  sodium- 
ethyl  ate  to  a  solution  of  parabanic  acid  in  absolute  alcohol ;  when 
dissolved  in  water,  these  salts  are  converted  into  oxalurates. 
Silver  nitrate,  added  to  a  solution  of  the  acid,  thi-ows  down  the 
diargentic  salt,  CgAggNgOg. 

Parabanic  acid  boiled  with  dilute  acids  is  resolved  into  urea  and 
oxalic  acid.  In  presence  of  alkalis,  it  takes  up  water,  and  is  con- 
verted into  oxaluric  acid,  C3H^N204.  By  the  action  of  zinc  and 
hydrochloric  acid,  it  is  converted  into  oxalantin,  CgH.N.Or 
=  2C3H2N2O3  -  0  . 

Methyl-par abanic  acid,  C3B[(CH3)N203,  is  obtained  by  decom- 
position of  creatinine. 

Dimethyl-parahanic  acid  or  Cholestrophane,  C3(CH3)2N203,  obtained 
by  heating  the  silver  salt  of  parabanic  acid  with  "methyl  iodide, 
ibrms  silvery  laminEe,  which  easily  melt  and  sublime. 

Oxaluric  Acid,  C3H,N20,  =  C0<^g~^°— ^^^H^  ^j^g^j^^^. 

logue  of  alloxanic  acid,  is  formed  by  the  action  of  alkalis  on  para- 
banic acid.  Its  ethylic  ether  is  produced  by  heating  urea  with 
chloroxalic  ether : 

It  crystallises  in  silky  needles,  which  melt  with  decomposition  at  " 
150°-160°. 

Oxaluric  acid,  separated  from  its  salts  by  a  mineral  acid,  is  a 
heavy  crystalline  powder.  Its  salts  are  sparingly  soluble.  Boiled 
with  water  or  alkalis,  it  is  resolved  into  oxalic  acid  and  urea. 
Heated  to  200°  with  phosphorus  trichloride,  it  gives  up  water,  and 
is  reconverted  into  parabanic  acid. 

Oxaluramide  or  Oxalan,  C3H5N303  =  CO<^g^°-'^^--^^2, 

is  formed,  together  with  dialuric  acid,  on  adding  a  little  hydrocyanic 
acid  and  ammonia  to  an  aqueous  solution  of  alloxan,  and  separates 
as  a  white  precipitate,  while  the  dialuric  acid  remains  dissolved.  It 
is  also  produced  by  heating  ammonium  parabanate  (its  isomeride) 
to  100°,  and  by  heating  ethyloxalurate  with  ammonia.    It  is  spar- 
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Inglj  soluble  in  water  and  is  resolved  by  boiling  with  water,  into 
oxalic  acid,  urea,  and  ammonia. 

Allanturic  Acid  or  Oxyglycolyl  -urea,  CoHjN,0,= 
NH  — CH(OH)  i  i  2  3 

C0<:^^^  ^  formed  by  beating  allantoia  with  baryta- 

water  or  dioxide  of  lead,  is  a  deliquescent  mass,  the  aqueous  solu- 
tion of  which  gives  white  precipitates  \vdth  silver  or  lead  salts. 
When  boiled  with  baryta,  it  yields  hydantoic  and  parabanic  acids, 
tlie  latter  further  splitting  up  iuto  oxaluric  acid  and  urea  (or  CO., 
and  NH3). 

Succinuric  Acid,  CgHgNgOj,  is  produced  by  heating  urea  to 
120°-130°  with  succinic  anhycbide.  It  forms  shining  scales,  melting 
with  decomposition  at  203°-205''. 

^NH— CO 

Hydantoin  or  Glycolyl-urea,  C3H4N202=CO-<  1^ 

NH — CH2 

:  is  formed  synthetically  by  heating  bromacetyl-urea  (p.  398)  with 
alcoholic  ammonia : 

pn^NH.CO.CHgBr   ,  „  .NH— CO 

^^<MTT  +  NH,  =  NH.Br  +  C0<         1  . 

N-tl2  3  4      T  NH— CH2 

I  It  is  also  produced  by  the  action  of  hydriodic  acid  on  allantoin : 

C.HeN.Oj  +  2HI  =  C3HiN202  +  CON^H,  +  I2, 

or  on  alloxanic  acid : 

C0^NH-C0-C0-C02H  ,  tx  -  CO  4-  TT  no-PO^^^-^^ 
^^<NH2  +-tl2-C02  +  H20-l-CO<^^_i^^. 

Hydantoin  forms  needle-shaped  crystals,  having  a  faint  sweet 
taste,  and  melting  at  206°.  When  boiled  with  baryta- water,  it  takes 
up  water  and  is  converted  into  hydantoic  acid. 

Methyl-hydantoin,  C0<;^^^         ?^    is  obtained  by  pro- 

jN  (CM3) — 0^2' 

■longed  heating  of  creatinine  (</.  ■;;.)  to  100°  with  baryta-water ;  also 
by  lusing  urea  with  sarcosine  (methyl-glycocine) : 

It  forms  crystals  easily  soluble  in  water  and  in  alcohol,  melts  at 
145°,  and  svibUmes  in  shining  needles.  Boiled  with  oxide  of 
mercury  or  silver  it  yields  metallic  derivatives. 

Lactyl-urea,    CO^  1  metameric  with  methyl- 

NH— CH— CH3  ^ 
hyrlaTitom,  is  formed,  together  with  alanine,  when  the  potassium 
cyanide  used  in  the  preparation  of  the  latter  from  aldehyde-ammonia 
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(p.  381)  contains  cyanate.  It  forms  efflorescent  rhombic  crystals, 
containing  C^H^NgOa  +  HaO  ;  melts  at  140",  and  sublimes  yvHh  par- 
tial decomposition.    By  boiling  with  baryta- water  it  is  converted 

NH  —  CH— CH,  .     .  ,  , 

into  lacturic  acid,  C0<;         Ar^ -cr      ,  metameric  with  methyl- 
Is  H2 — CO2H 
hydantoic  acid,  which  melts  at  155°. 

NH    CO  ^      T    •  VI 

Ethyl-hydantoin,  CO<C^^,^-^.     1  tt  >    produced    m  like 

manner  by  melting  urea  with  ethyl-glycocine,  crystallises  in  large, 
flat  prisms,  easily  soluble  in  water  and  alcohol,  melting  at  about  100°,- 
and  easily  subliming. 

■,       .      -1           ri/^^NH— C(CH3)2 
Ihe  metameric  compound,  aceto  nyl-urea,  '-^U\]sf  jj  CO  ' 

formed  by  heating  a  mixture  of  acetone  and  potassium  cyanide  con- 
taining cyanate  with  fuming  hydrcchloroic  acid,  crystallises  in 
prisms,  melting  at  175°.  By  boiling  with  baryta-water  it  is  con- 
verted into  acetonuric  acid,  C5HjgN203. 

Hydantoic  or  Glycoluric  Acid,  CgHgNgOg  = 
C0<^g~^'^^~^*^2H^  is  produced  by  boiling  aUantoin,  hydan- 

toin,  or  glycoluril  with  baryta- water,  and  synthetically  by  heating 
glycocine  with  urea  (or  by  boiling  its  solution  with  baryta-water  :) 

^„^NH2  ,  ^NH2  _  NH  -t-  cO^^^-^^^-OOsH; 
^0<NH2  +  ^^2<C02H  -  ^-tis  +  ^^<NH2 

also  by  heating  glycocine  sulphate  with  potassium  cyanate  : 


C0= 


.NH^  ^  ^Q^NH— CH2— CO2H 


.NH  +  CH2<g^ij  =  CO<Sg; 


Hydantoic  acid  forms  large  rhombic  prisms  soluble  in  water.  _  It 
is  monobasic,  and  most  of  its  salts  are  easily  soluble.    By  heating  , 
with  hydriodic  acid  it  is  converted  into  glycocine : 

CO<Sh~^^'~^°-'^  +         =  CO2  +  NH3  +  CH<gJ^2^  . 

2  ** 


Diureides. 

The  best  known  compounds  of  this  class  contain  4,  5,  6,  or  8  - 
atoms  of  carbon.     The  4-  and  5-  carbon  diureides  (including  uric  • 
acid  itself)  are  formed  by  the  union  of  one  molecule  of  a  bibasic 
acid  and  2  molecules  of  urea,  with  elimination  of  4  molecules  "  ' 
water,  and  accordingly  contain  one  diatomic  acid  residue  and  t\ 

nrea  -  residues,  CO<CjJ  jj  • 
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Uric  Acid,  C-H^N.,03,  as  already  observed,  may  he  regarded  as 
the  dim-eide  of  tiutrouic  acid,  and  accordingly  represented  by  the 
li.irmiila: 

-    CH(OH)<gOzgg    +    2C0<™,    _  4H,0. 

Tartronic  acid.  Urea. 

Iso-uric  Acid,  C5H4N4O3,  is  formed  by  the  action  of  cyanamide 
on  alloxantin  in  aqueous  solution,  and  separates  on  boiling  in  the  form 
of  a  heavy  powder.  Its  constitution  may  perhaps  be  represented 
by  the  formula: 

Pseudo-uric  Acid,  CgHgN^O^.  —  The  potassium  salt  of  this 
acid  is  obtained  as  a  yellow  crystalline  powder  by  boiling  iiramil 
with  a  strong  solution  of  potassium  cyauate.  The  free  acid  forms 
colourless  crystals,  slightly  soluble  in  water.  Its  structure  and 
formation  may  be  represented  as  follows: 

C0<^'g-gg>CH.NH2     +  CONH 

Uramil.  Cyanic  acid. 

Pseudo-uric  acid. 

Pseudo-thiouric  Acid,  CgHgNjOgS ,  is  formed  by  heating  alloxan 
and  thiocarbamide  with  a  concentrated  alcoholic  solution  of  sulphur 
dioxide: 

=  co<g|zgg>CH/gg>cs  +  0. 

It  forms  thin  white  needles,  insoluble  in  water,  but  soluble  in 
acids. 

TJroxanic  Acid,  CgHgN^Og,  and  Oxonic  Acid,  C4Hr,N,04. 
— These  acids  are  formed  by  gradual  oxidation  of  uric  acid  in  alkaline 
solution.  A  .solution  of  uric  acid  in  potash  left  for  some  time  in  an 
open  vessel  depo.'tits  shining  laminaj  of  potas.sium  uroxanate, 
CgHijKjNjOn  +  3H2O,  from  which  the  free  acid  may  be  separated 
by  hydrochloric  acid  in  the  form  of  a  crystalline  powder,  which 
dissolves  in  hot  water,  but  decomposes  at  the  same  time,  with 
separation  of  carbon  dioxide.  Its  formation  is  represented  by  the 
equation : 

C5H4N4O3    +    211,0    +    0    ---  C,H8N„0fl. 
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Potassium  uroxanate,  at  the  moment  of  its  formation,  is  partly  con- 
verted, by  separation  of  COg  and  NH3,  into  potassium  oxonate, 
C4H3K2lSr304,  wliich  is  also  formed  by  passing  a  stream  of  air 
tbrough  a  solution  of  uric  acid  in  potash  till  all  the  uric  acid  is 
oxidised.  This  salt  forms  radiate  groups  of  crystals,  containing  1^ 
mol.  HgO.  Acetic  acid  added  to  its  dilute  solution  throws  down 
the  potassium  salt  of  allanturic  acid,  or  oxyglycolyl  -  urea, 

.NH— CHOH 
CgH.NoO,  or  C0<  I 

\nh-co 

Allantoin,  C4HgN403. — This  substance,  which  contains  the 
elements  of  2  molecules  of  ammonium  oxalate  minus  5  molecules 
of  water  [2C2,(i>l^^^)20^  —  SHgO],  is  found  in  the  allantoic  liquid  of 
the  foetal  calf  and  in  the  urine  of  the  sucking  calf.  It  is  produced 
artificiallj',  together  with  oxalic  acid  and  urea,  by  boiling  uric  acid 
with  lead  dioxide  and  water  : 

2C6H4N4O3  +  Oc  +  5H2O  =  C4HeN403  +  2C2H2O4  +  2CH4N2O3, 

The  liquid  filtered  from  lead  oxalate,  and  concentrated  by  eva- 
poration, deposits,  on  cooling,  crystals  of  allantoin,  which  are  pmi- 
fied  by  re-solution  and  the  use  of  animal  charcoal.  The  mother- 
liquor,  when  further  concentrated,  yields  crystals  of  pure  urea. 
Allantoin  forms  small  but  brilliant  prismatic  crystals,  transparent, 
colourless,  tasteless,  and  without  action  on  vegetable  coloiu's.  It 
dissolves  in  160  parts  of  cold'  water,  and  in  a  smaller  quantity  at  the 
boiling  heat.  It  is  decomposed  by  boiling  with  nitric  acid,  and  by 
oil  of  vitriol  when  concentrated  and  hot,  into  ammonia,  carbon  di-  • 
dioxide,  and  carbon  monoxide.  Heated  with  concentrated  solutions  . 
of  caustic  alkalis,  it  is  decomposed  into  ammonia  and  oxalic  acid. 

Its  structure  may,  perhaps,  be  represented  by  the  formula  . 
p^^NH-CH(OHW  p^NH  .  . 

NH— CH„    ^  NH 

Glycoluril,  C4HeN402,  probably  CO<^jj_^^q->C<^^  , 

is  formed  by  the  action  of  sodium  amalgam  on  allantoin,  and 
separates  in  octohedral  crystals,  sparingly  soluble  in  water,  mode- 
rately soluble  in  ammonia  and  in  concentrated  acids.  Ammoniacal 
silver  nitrate  forms  in  its  solutions  a  yellow  precipitate  having  the 
composition  C4H4Ag2N402.  By  boiling  with  baryta-water  it  is 
resolved  into  urea  and  hydantoic  acid,  and  by  boiling  with  acids  it 
is  converted  into  hydantoin. 


Diureides  containing  6  and  8  atoms  of  carbon  are  formed  by  the  ~ 
union  of  2  monm'eide  molecules,  with  elimination  of  water. 


i 
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Alloxantin,  C8H4N4O,,  is  formed  on  mixing  the  aqueous 
^  ilutions  of  alloxan  and  dialuric  acid  : 

C0<S3ZC§>C0    +    CH.OH<ggi:Ni>CO  = 

Alloxan  Dialuric  acid. 

Alloxantin. 

It  is  the  chief  product  of  the  action  of  hot  dilute  nitric  acid  upon 
uric  acid,  and  is  likewise  prodiiced  by  the  action  of  deoxidising 
agents  upon  alloxan, — anhydi'ous  alloxantin,  in  fact,  containing 
1  atom  of  oxygen  less  than  2  molecules  of  alloxan.  It  is  best  prepared 
!iy  passing  sulphuretted  hydrogen  gas  through  a  moderately  strong 
and  cold  solution  of  alloxan.  The  mother-liquor  from  which  the 
i  rystals  of  alloxan  have  separated  answers  the  purpose  perfectly 
well ;  it  is  diluted  with  a  little  water,  and  a  copious  stream  of  gas 
transmitted  through  it.  Sulphur  is  then  deposited  in  large  quantity, 
mixed  with  a  white,  crystalline  substance,  which  is  the  alloxantin. 
The  product  is  drained  upon  a  filter,  slightly  washed,  and  then 
Ijoiled  in  water  :  the  filtered  solution  deposits  the  alloxantin  on 
cooling.  Alloxantin  forms  small,  four-sided,  oblique  rhombic 
I'l'lsms,  colourless  and  transparent  ;  it  dissolves  with  difficulty  in 
'■old  water,  but  more  freely  at  the  boiling  heat.  The  solution 
reddens  litmus,  gives  with  baryta-water  a  violet-coloured  pre- 
cipitate, which  disappears  on  heating,  and  when  mixed  with  silver 
nitrate  produces  a  black  precipitate  of  metallic  silver.  Heated 
with  chlorine  or  nitric  acid,  it  is  oxidised  to  alloxan.  The  crystals 
become  red  when  exposed  to  ammoniacal  vapours.  They  con- 
tain 3  mol,  HgO,  which  they  do  not  give  off'  till  heated  above  150°. 

Alloxantin  is  readily  decomposed  ;  when  a  stream  of  sulphuret- 
ted hydrogen  is  passed  through  its  boiling  solution,  sulphur  is 
deposited  and  dialuric  acid  is  produced.  A  hot  saturated  solution 
of  alloxantin  mixed  with  a  neutral  salt  of  ammonia  instantly 
assumes  a  purple  coloiir,  which,  however,  quickly  vanishes,  the 
liquid  beconung  turbid  from  formation  of  uramile  :  the  solution 
flien  contains  alloxan  and  free  acid.  With  silver  oxide,  allox- 
antin gives  off  carbon  dioxide,  reduces  a  portion  of  the  metal, 
■iiid  converts  the  remainder  of  the  oxide  into  oxalurate.  Boilecl 
with  water  and  lead  dioxide,  it  gives  urea  and  lead  carbonate. 

Hydurilic  Acid,  C8HgN40g. — Dialuric  acid,  heated  to  about 
10(1°  with  "lycerin  (which  acts  merely  as  a  solvent),  splits  up  into 
iormic  acitl,  carbon  dioxide,  and  ammonium  hydurilate  : 

=  +  3CO2  +  2C8H5N4(NH4)Ofl. 

P'V  converting  this  ammonium-salt  into  a  copper-salt,  and  decom- 
posing the  latter  with  HgS,  hydurilic  acid  is  ol^tained  in  crystals. 
Hydurilic  acid  is  converted  by  fuming  nitric  acid  into  alloxan, 
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without  any  other  product ;  hut  with  nitric  acid  of  ordinary  strength 
it  yields  alloxan,  together  with  violuric  acid,  violantin,  and 
dilituric  acid  : 

CgHgN.Oe  +   NO3H  =  C.HgNjO,  +  C^H^N^O,  +  H^O 

Hyduvilic  Violuric  Alloxan, 

acid.  acid. 

CgHcNA  +  2NO3H  =  C.HgNgOs  +  C.H^N^O^  +  NO^H  +  H,0. 

Hyduraic  Dilitmic  Alloxan, 

acid.  aci<i- 
If  the  action  be  carried  on  to  the  end,  dilituric  acid  is  the  only ' 
product.    This  acid  may  indeed  he  regarded  as  a  product  of  the 
oxidation  of  vioku'ic  acid  :  C4N3H306  =  C4N3H30i+0  :  and  violan- 
tin as  a  compound  of  the  two. 

Purpuric  Acid,  CgH^NjOg,  is  not  known  in  the  free  state; 
its  ammonium  salt,  C8Hj(NHJN50q,  constitutes  murexid.  Tliis 
salt  contains  the  elements  of  two  molecules  of  uramil  minus  two  1 
atoms  of  hydi-ogen : 

CO<Sii:CO>CS.NH,  +  NH,CH<ggZNg>CO  = 

CO<^Jgzgg>C-C<ggZNi>CO  +  NH3  +  H, . 
NH 

Pui'puvic  acid. 

It  is  formed  by  mixing  the  ammoniacal  solutions  of  alloxan  and 
m'amil: 

C^H^N^O,  +  C.H.NgOa  +  NH3  =  H^O  +  CsH,(NH,)N  A , 
and  is  best  prepared  by  boiling  for  a  few  minutes  a  mixtm-e  of 
1  part  of  dry  lu-aniil,  1  part  of  mercuric  oxide,  and  40  parts  of  water  I 
rendered  slightly  alkaline  by  ammonia  : 

2C,H5N303  +  0  =  HP  +  CgHgNgOe. 

Another  method  is  that  of  Dr.  Gregory :  7  parts  of  alloxan  and 
4  parts  of  aUoxantin  are  dissolved  in  240  parts  of  boiling  water, : 
and  the  solution  is  added  to  about  80  parts  of  cold  strong  solution  1 
of  ammonium  carbonate :  the  liquid  instantly  acquires  such  a  1 
depth  of  coloxir  as  to  become  opaque,  and  gives  on  cooling  a  lai^e  ( 
quantity  of  murexide  :  the  operation  succeeds  best  on  a  small  scale. 

Murexid*  crystallises  with  1  molecule  HoO  in  small  square  1 
plates  or  prisms,  which  by  reflected  light  exhibit  a  splendid  green : 
metallic  lustre,  like  that  of  the  wing-cases  of  the  rose-beetle  and : 
other  insects  :  by  transmitted  light  they  are  deep  piu-ple-red.  It  dis-  - 
solves  with  difiiculty  in  cold  water,  much  more  easily  at  the  boiling  r 
heat  but  is  iusoluble  in  alcohol  and  ether.  Mineral  acids  decom- 
pose'it,  with  separation  of  a  white  or  yellowish  substance  called : 

*  So  called  from  tlie  Tyrian  dye,  said  to  have  beeu  prepared  from  a  speciea  ■ 
of  imircx. 
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murexan,  probably  identical  with  uramil.  Caustic  potash  dis- 
solves it,  with  production  of  a  magnificent  purple  colour,  which 
disappears  on  boiling. 

A  few  years  ago  murexid  was  extensively  used  in  dyeing  ;  but  it  is 
now  to  a  great  extent  superseded  by  rosaniline. 

Oxalantin,  CqH^N^Oj,  also  called  leucoturic  acid,  is  formed  by 
the  action  of  zinc  and  hydrochloric  acid  on  parabanic  acid : 

NH— CO  CO— NH^^^ 

C0<         I        +     1  >C0    +    Ho  = 

^NH— CO  CO— NH  ^ 

Parabanic  Parabanic 
acid.  acid. 

^  ^  .NH— CO  CO— NH^ 

C0<         I      I  >C0  +  H„0. 

NH— C— C— NH  ^ 
i-O-i 

Oxalantin. 

It  forms  small  crystals  slightly  soluble  in  water,  and  reduces 
t  ammoniacal  solutions  of  mercury  and  silver. 

AUituric  Acid,  CgHgN404,  is  formed,  together  with  alloxan 
and  parabanic  acid,  by  boiling  alloxantin  with  hydrochloric  acid. 
It  forms  crystals  sparingly  soluble  in  water,  and  when  heated  with 
water  to  180°-190°,  is  resolved  into  oxalic  acid,  carbon  dioxide  and 
monoxide,  and  ammonia. 

Respecting  basic  compounds,  natural  and  artificial,  related  to  the 
ureides  by  their  composition  and  reactions,  see  Alkaloids. 


AMIDES    DERIVED    FROM    TRIATOMIC  AND 
TETRATOMIC  ACIDS. 

Our  knowledge  of  these  amides  is  somewhat  limited  :  we  shaU 
notice  only  those  derived  from  maUc,  tartaric,  and  citric  acids  : 

1.  Amides  of  Malic  Acid. 

Malic  acid,  COgH— CH^— CHOH— COgH,  or  CgHgCOHX^Q^H  ^ 

which  is  triatomic  and  bibasic,  is  capable  of  yielding  five  amides, 
viz. : 

C2H3(OH)<gg;gg2  C,H3(NH,)<gg;gg . 

Malamlc  acid.  Aspartic  acid. 

C,H3(0H)<gg;g|^  C,H3(NH,)<gg;gif^ 

Malamide.  Asparagin. 

C.H3(NH,)<gg;Ng^^ 

Trlamido  (unknown). 
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Malamic  acid  is  not  known  in  the  free  state,  hut  its  ethylic 

ether,  or  Malamethane,  C^'H-3(0'H.)<qq^^^,    is    formed  as  a 

crystalline  mass  when  ammonia  gas  is  passed  into  an  alcoholic 
solution  of  diethylic  malate  : 

C,H3(0H)<gggg;  +  NH3 = C  A(OH)  +  C,H3(0H)<gg^^^^^^ 

Aspartic  acid,  C4H7NO4,  isomeric  with  malamic  acid,  is 
related  to  malic  and  succinic  acids  in  the  same  manner  as  glycocine 
to  glycollic  and  acetic  acids  (p.  380),  and  may  accordingly  be 
regarded  as  amidosuccinic  acid.  It  occurs  in  beet-molasses,  and  is 
produced  by  various  reactions  from  albuminous  substances.  It  is 
prepared  by  boiling  asparagin  Avith  alkalis  or  acids.  It  crystallises 
in  small  rhombic  prisms,  moderately  soluble  in  hot  water.  Its 
alkaline  solutions  turn  the  plane  of  polarisation  to  the  left ;  acid 
solutions  to  the  right.  Like  other  amido-acids,  it  unites  both  -^dth 
acids  and  with  alkalis  ;  with  the  latter  it  forms  both  acid  and 
neutral  salts  ;  e.g., 

C,H3(NH,)<gg;H  .  c,H3(NH,)<gg^^|;  C,H3(NH,)<ggpBa. 

By  the  action  of  nitrous  acid  it  is  converted  into  malic  acid. 

An  inactive  aspartic  acid  is  obtained  by  heating  fumarimide 
with  water : 

C^HA-NH  +  2H2O  =  C^H.NO^. 

It  crystallises  in  large  monoclinic  prisms,  somewhat  more  soluble  in 
water  than  the  optically  active  acid.  By  nitrous  acid  it  is  convei-ted 
into  inactive  malic  acid. 

Malamide,  C4H8N2O3,  is  produced  by  the  action  of  ammonia  in 
excess  on  dry  diethylic  malate ; 

C,H3(0H)<gg;g§gj  +  2NH3  =  2H0C  A + C,H3(0H)<gg;||^ 

It  forms  large  crystals,  and  when  heated  with  water  is  resolved  into 
ammonia  and  malic  acid. 

Asparagin,  C2H.g(NRs)<^^Q-^^^ ,   isomeric  with  malamide, 

occurs  in  numerous  plants,  as  asparagus,  marsh  mallow,  mangold- 
wurzel,  peas,  beans,  vetches,  and  cereal  grasses,  especially  in  the 
young  sproiits.  It  may  be  prepared  from  marsh-mallow  roots  by 
chopping  them  small,  macerating  them  in  the  cold  ■«-ith  milk  of 
lime,  precipitating  the  filtered  liquid  with  barium  carbonate,  and 
evaporating  the  clear  solution  over  the  water-bath  to  a  syrup.  The 
asparagin  tnen  crystallises  on  cooling  in  shining  transparent  rhom- 
bic prisms,  which  have  a  faint  cooling  taste,  and  are  moderately 
soluble  in  hot  water,  insoluble  in  alcohol  and  in  ether.  The  crystals 
contain  one  molecule  of  water,  whereas  those  of  malamide  are  anliy- 
drous. 
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Asparagin  and  nialamide  differ  also  in  tLeir  action  on  polarised 
light,  nialamide  having  a  specific  rotatory  power  of  -47-5°,  whereas 
that  of  aspai-agin  in  an  acid  solution  is  +  35°,  and  in  an  ammoniacal 
solution  -11°  18'.  Lastly,  malamide,  when  treated  with  alkalis 
is  resolved,  as  ali-eady  observed,  into  ammonia  and  malic  acid, 
whereas  asparagin  yields  ammonia  and  aspartic  acid.  ' 

Asparagin  forms  salts  both  with  acids  and  with  bases. 

By  fermentation  in  contact  with  albuminous  substances,  asparagin 
is  converted  into  ammonium  succinate.  By  oxidation  with  potas- 
sium permanganate  it  yields  ammonium  formate,  hydrocyanic  acid, 
and  carbon  dioxide  : 

C,1I,N,0,  +  0,  =  CHO2.NH,  +  CNH  +  2CO2  +  H2O  . 

la  presence  of  sulphuric  acid  the  oxidation  takes  place  according  to 
the  ecpation, 

C.HgNPg  +  Og  =  2NH3  +  4CO2  +  H2O ; 

la  presence  of  potash  the  products  are  ammonia  and  oxalic  acid  : 

C4H8N2O3  +  0,  +  4KH0  =  2NH3  +  SCaO.Ka  +  SH^O  . 

2.  Amides  of  Tartaric  Acid.— Tar i ramie  Acid,  aH~NO.= 

CO  NH  '    4  7  ^6 

QjjS  is  obtained  as  an  ammonium-salt  by  the 
action  of  ammonia  on  tartaric  aniydiide,  C^H^Og. 

Ethyl  tartraviate,  Tartramic  ether,  or  Tartramethane,  is  obtained 
iiy  the  action  of  alcoholic  ammonia  on  diethylic  tartrate.  When 
cautiously  heated  with  alkalis,  it  yields  tartramic  acid.  Ammonia 
converts  it  into  tartramide. 

Tartramide,  C.HgNA  =  C2H,(OH)2<gO.NH3^  ^^^^^^^  ^^^^ 

the  action  of  ammonia  on  diethylic  tartrate,  is  a  cryltalline  substance, 
itie  solution  of  which  exhibits  dextro-  or  levo-rotation  according  to 
tne  kind  of  tartaric  acid  from  which  it  has  been  prepared. 

3.  Citramide,  C„HiiN30,=C3H,(OH)(CO.NH,)3,  obtained  by 
tne  action  ot  alcoholic  ammonia  on  ethyl  or  me-tiiyl  citrate,  is  a 
crystalline  substance  slightly  soluble  in  water. 

Citranuc  acid  and  citrimide  are  not  known,  but  phenylic  deriva- 
1  lives  of  these  amides  have  been  obtained. 
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Benzene-Derivatives  or  Aromatic  Group. 

The  hydrocarbons,  CnH2n-6,  viz.,  benzene  and  its  homologues, 
together  with  the  alcohols,  acids,  and  bases  derived  from  them,  iomi 
a  group  resembling  the  fatty  bodies  in  many  of  their  chemical  rela- 
tions, but  nevertheless  exhibiting  decided  peculiarities,  which 
mark  them  as  a  natural  family.  They  are  called  aromatic,  on 
account  of  the  peculiar  and  fragrant  odours  possessed  by  some  of 
them,  especially  by  certain  derivatives  of  benzene,  such  as  benzoic 
acid,  bitter  almond  od,  &c. 

Intimately  related  to  these  bodies  are  certain  other  hydrocarbons 
with  their  derivatives,  containing  proportionally  smaller  numbers 
of  hydrogen-atoms,  namely  cinnamene  CgHg,  naphthalene 
CjoHg,  anthracene  Ci^Hiq,  pyrene  CipHi(„and  chrysene  CigHia; 
and  the  ter  penes,  C-^qR^q,  which  contain  a  larger  number  of  hydro- 
gen-atoms than  benzene  and  its  homologues. 


HYDROCAHBONS,  CnH2n-G. 

This  is  the  principal  series  of  the  aromatic  group,  analogous  to 
the  paraffin  series  in  the  fatty  group.  The  known  hydrocarbons 
belonging  to  it  are  represented  by  the  formula, 

CeHg,  CyHg,  CgHjo,  C9H12,  C10H14,  CuH^g,  CjaHig,  C■^s'H.2a. 

The  first  is  called  benzene;  the  second  toluene;*  the  others 
admit  of  isomeric  modifications,  the  names  of  which  wiR  be  given 
hereafter.  Many  of  these  hydrocarbons  are  fomid  in  the  lighter 
part  of  the  oil  or  naphtha  obtained  by  the  destructive  distillation 
of  coal,  and  may  be  separated  from  one  another  by  fractional  distil- 
lation. 

These  hydrocarbons  might  be  regarded  as  derived  from  the  paraf- 
fkis  by  abstraction  of  8  atoms  of  hydrogen  {e.g.,  CgHg  =  CgHi^  -  Hg), 
or  from  the  olefines  by  abstoaction  of  6  atoms  of  hydrogen,  &c.,  and 
accordingly  they  might  be  expected  to  act  as  octovalent,  sexvalent, 
quadrivalent,  or  bivalent  radicles ;  and  in  fact,  benzene  does  form 
definite  compounds  with  6  atoms  of  chlorine  and  of  bromine.  But 
in  nearly  all  cases  the  aromatic  hydi'ocarbons  react  as  saturated 
molecules,  like  the  paraffins,  yielding,  when  treated  with  chlorine, 
bromine,  or  nitric  acid,  not  additive  compounds,  but  substitution- 
products.  , 

Benzene  may  be  represented  as  a  saturated  molecule  by  tne 

*  Frequently  also  beuzoZ,  toluol,  &c. ;  but  it  is  not  desirable  to  apply  the 
same  termination  to  hydrocarbons  and  their  alcoholic  derivatives. 
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fallowiug  constitutional  formula,  in  which  the  carbon-atoms  an 
united  together  by  one  or  two  combining  units  alternately  : 


H-Cfi 


The  other  hydrocarbons  of  the  series  may  be  derived  from  it  by 
successive  additions  of  CH^,  or  by  substitution  of  methyl,  CH„  in 
tHe  place  of  one  or  more  of  the  hydrogen-atoms ;  thus : 


C^Hg     =  CeH,(CH3)  Methyl-benzene. 

Lg          =  C6Hi(CH3)2  Dimethyl-benzene. 

=  C6H3(CH3)3  Trimethyl-benzene. 

^loii-u    =  CbH2(CH3)4  Tetramethyl-benzene. 


Further  a  hycbocarbon  isomeric  with  dimethyl-benzene  may  be 
lormed  by  the  substitution  of  ethyl,  CH,,  for  1  atom  of  hydrogen  in 
benzene,  viz.,  ethyl-benzene,  C^H.CC^H,);  in  like  manner  methyl- 
ethyl-benzene,  C' H,(CH3)(C2H,),  and  propyl-benzene,  C.UJcA), 
are  isomeric  vntli  trimethyl-benzene;  diethyl-benzene  ^th  tetra- 
methyl-benzene &c.,  &c.  It  is  easy  to  see  that  in  this  manner  a 
large  niimber  of  isomeric  bodies  may  exist  in  the  higher  terms  of 
xne  series  The  structure  of  these  isomeric  hydrocarbons  maybe 
Illustrated  by  the  following  figures :— 


■n 

H  H 
Methyl-benzene. 
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PHa  H  H 

C-CH3       H-6  V-c- 
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Dimethyl-benzene. 
H  CHi 

H-c/'  \-C-CH„ 


Ethyl-benzene. 


Propyl-benzonc. 


Methyl-ethyl-bonzone. 

.  .  -[^  these  homologuea  of  benzene,  the  six  carbon-atoms  belonging 
I  to  the  benzene  itself  are  said  to  form  the  benzene  ring,  benzene- 
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nucleus,  or  principal  chain,  while  the  groups  CH3,  CH2CH3, 
&c.,  joined  on  to  these  carbon-atoms  are  called  lateral  chains. 
The  chemical  properties  of  an  aromatic  hydrocarbon  differ  consider- 
ably according  to  the  nmnber  of  lateral  chains  which  it  contains. 

The  replace°ment  of  the  hydrogen-atoms  in  the  principal  and  lateral 
chains  by  CI,  Br,  NO2,  OH,  NH2,  &c.,  gives  rise  to  substitution- 
derivatives  which  exhibit  numerous  cases  of  isomerism. 

I.  In  Benzene -derivatives. —The  mono-derivatives  of  benzene  do 
not  exhibit  isomeric  modifications :  thus  there  is  but  one  mono- 
bromo-,  mononitro-,  or  mono-amidobenzene,  one  monohydroxyl- 
derivative  or  phenol,  CoH^COH),  &c.  Hence  it  must  be  inferred 
that  the  molecule  of  benzene  is  perfectly  symmetrical,  all  its  six 
carbon-atoms  and  all  its  six  hydrogen-atoms  being  equal  to  one 
another  in  value,  and  discharging  similar  functions,  so  that  the 
replacement  of  a  single  hydrogen-atom  by  another  element  or  radicle 
produces  the  same  effect,  in  whatever  part  of  the  molecule  the  sub- 
stitution takes  place. 

The  higher  derivatives,  on  the  other  hand,  formed  by  replace- 
ment of  two  or  more  hydrogen-atoms  in  the  molecule,  exhibit 
isomeric  modifications  which  are  supposed  to  depend  upon  the 
relative  positions,  or  orientation,  of  the  substituted  radicles. 
Referring  to  the  figure  on  page  419,  in  which  the  carbon-atoms  in 
benzene  are  numbered  fi'om  one  to  six,  it  is  easy  to  see  that  there 
may  be  three  such  modifications  of  dichlorobenzene,  CgHiCla, . 
represented  by  the  following  figures  : 


These  three  modifications  are  distinguished  by  the  symbols 

1:2  1:3  1:4. 

In  the  first  the  two  chlorine-atoms  are  contiguous  ;  in  the  second 
they  are  separated  by  one  atom  ;  and  in  the  third  by  two  atoms  of 
hydroo-en.  It  is  clear  that  these  are  the  only  thi-ee  modifications 
possible  :  for  2  : 3,  3  : 4,  4 :  5,  and  6 : 1,  would  be  the  same  as  1 : 2  ; 
2:4  and  3:5  would  be  the  same  as  1 : 3  ;  and  2:5  and  3:6  would 
be  the  same  as  1 :  4. 

The  number  of  possible  modifications  formed  by  successive 
replacement  of  the  hydrogen-atoms  in  benzene  is  as  follows  : 

A.  The  hydrogen-atoms  are  successively  replaced  by  the  same  ehmrU 
or  compound  radicle.  In  this  case  the  number  of  modifications  is  as 
follows  ; 
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Number  of 
Hydrogen-atoms 
replaced. 

Number  of 
Modifications. 

Positions  of  tlie  replaced 
H  y  drogen-atom  s. 

on6 

two 

three 

four 

five 

six 

one 

three 

three 

three 

one 

one 

1 

1,2 
1,  2,3 
1,  2,  3,  4 
1,  2,  3,  4,  5 

1,3 
1,3,4 
1,  3,  4,  5 

1,  4 
1,  3,5 
1,  3,  4,  6 

Consecutive. 

Unsym- 
metrical. 

Sym- 
metrical. 

The  meaning  of  tlie  terms  consecutive,  symmetrical,  and  unsyni- 
metrical,  applied  to  the  three  modifications  of  the  di-,  tri-,  and 
tetraderivatives,  will  be  better  understood  by  means  of  the  foUow- 


ing  diagram 


Consecutive. 
1 

/X2 


UnsymmetricaL 
1 


Symmetrical. 
1 


A2 


\/3 
1 


1 

A 

4 
1 

/\ 


4 
1 


5\/3 


5'V3  \/3 
444 

By  counting  from  different  points  of  the  hexagons,  it  is  easy  to  see 
that : 

in  the  tri-derivativea,    1,3,4    is  the  same  as  1,2,4,    1,2,5    and  1,3,6 
m  the  tetra-derivatives,  1,3,4,5  „         1,2,3,6,  1,2,4,6  and  ], 3,5,6 

and  1,3,4,6         „  1,2,4,5. 

B.  TJie  hydrogen-atoms  are  replaced  by  different  elevnents  or 
radicles. 

If  only  two  hydrogen-atoms  are  thus  replaced,  the  number  of 
possible  modifications  remains  the  same  as  above,  viz.,  three  ;  for 
the  reversal  of  the  order  (AB  or  BA)  can  make  no  difference  in  the 
result ;  but  if  three  or  more  hydrogen-atoms  are  replaced  by 
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different  radicles,  tlie  number  of  possible  modifications  becomes 
larc;er,  inasmuch  as  the  order  of  succession  of  the  substituted 
radicles  may  then  exert  an  influence  on  the  nature  of  the  product ; 
thus :  to  one  tribromobenzene,  CgBrBrBrHg,  in  which  the  bromine- 
atoms  occupy  the  places  1,  2,  3,  there  mil  correspond  two  dibromo- 
chlorobenzenes,  viz.,  CgBrBrClH,  and  CeBrClBrHg. 

In  the  present  state  of  our  knowledge  we  cannot  in  all  cases 
assign  to  the  several  radicles  which  replace  the  hydrogen  in  benzene 
their  exact  relative  positions  in  each  isomeric  modification ;  though 
so  far  as  regards  those  derivatives  in  which  the  substituted  radicles 
are  all  alike,  the  list  is  nearly  complete ;  but  inasmuch  as  a  given 
modification  of  a  benzene-derivative  may  in  many  cases  be  con- 
verted into  a  particular  modification  of  another  benzene-derivative, 
Ijy  simple  transformations  not  likely  to  be  attended  by  any  change 
of  molecular  structure,  we  may  conclude  that  in  the  two  derivatives 
thus  producible  one  from  the  other,  the  radicles  which  replace 
two  or  more  atoms  of  hydrogen  will  occupy  corresponding  places. 
Accordingly,  the  derivatives  of  benzene  containing  a  given  number 
of  replaced  hydrogen-atoms  may  be  divided  into  groups,  each  con- 
taining those  modifications  which  can  be  formed  one  from  the 
other,  and  in  which  therefore  the  radicles  which  have  replaced  the 
hydi-ogen-atoms  may  be  supposed  to  be  similarly  situated 

The  di-derivatives  of  benzene,  e.g.,  CeH^ClCl,  CBH^ClBr, 
CoH^C^NOg),  &c.,  exhibit,  as  above  mentioned,  three  such  modi- 
fications, which  are  distinguished  by  the  prefLxes  ortho,  mda,  and 
jyara :  thus  the  three  dichloro benzenes  are  designated  as  follows : 


Orthodichlorobenzene,  1:2  .  .  Cg  CI  CI  H  H  H  H 
Metadichlorobenzene,  1:3  .  .  C^  CI  H  CI  H  H  H 
Paradichlorobenzene,    1:4      .      .      Cg  CI  H  H  CI  H  H  . 

The  following  are  the  principal  or  typical  representatives  of  these 
three  series  of  compounds : 


Dimetliyl-'benzenes,  CH(j4(CH3)2    Orthoxylene    Metaxylene  Paraxylene 


The  relative  positions  of  the  substituted  radicles  in  a  di-deriva- 
tive  of  benzene  may  be  determined  by  comparison  with  those  in 
the  tri-derivatives  which  may  be  formed  from  it  or  converted  into 
it.  The  principle  of  this  method  may  be  illustrated  by  the  case  of 
the  di-bromobenzenes,  C^H^Brg.  These,  by  the  action  of  nitric 
acid,  may  be  converted  into  six  difl'erent  nitrodibromobenzenes, 
CoH.|Br2(N02) ;  these  hitter,  treated  witli  reducing  agents,  yield  the 
gix  corresponding  amido-dibromobenzenes,  CeH3Br2(NH2),  in  which 


1   2   3  4   5  6 


1:2  1:3  1:4 


Oxy-acids, 


Dicnrbon-acids,     C6H4(C02H)2  Pbtlialic 


Isopbthalic  Terephtbalic 
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the  NH2  takes  the  place  of  the  NOg ;  and  the  amido-dibronio- 
benzenes  (dibromauilines)  treated  by  processes  hereafter  to  be 
described,  exchange  their  NHg  for  H,  whereby  they  are  reconverted 
into  dibromobeuzenes,  and  for  Br,  whereby  they  yield  tribronio- 
benzenes.  The  relations  between  these  di-  and  tri-derivatives  are 
shown  in  the  following  diagi-am,  in  which,  for  simplicity,  the  C's 
and  H's  of  the  benzene-molecule  are  omitted,  and  oaly  the  sub- 
stituted radicles  are  shown  in  their  relative  places ;  the  several 
tribromo-  and  nitrodibromobeuzenes  are  placed  vertically  under 
the  dibromobenzenes  from  which  they  are  derived. 


Br 
A 

Br 
1  :  4 


Br 

Br 

A 

/\ 

\/ 
Br 

Br 

\y 

Br 

Br 

:4=1 

:2:4  1:3: 

1 

Dibromobenzenes. 
Br 


Br 
1  :  3 

Tribromobenzenes 

Br  Br 
/X  X\Br 


Br 


Br 


1:3:5 


1:2:3 


Br 
/\Br 


1  ;  2 


Br 


Br 
1:2:4 


Br 

/\Br 


1:2:3 


Br 


Br 


Ni  trodibromoben  ze  ties. 
Br  Br  Br 

/\      /\  /X 


1:3:4 


Br  NOa 


Br 


1:3;  5 


NO, 


1:2:3 


Br 


Br  Br 
Br  ,y^Bv 


1:2:4  1:2:3 


NO, 


An  inspection  of  this  diagram  shows:  (1).  That  a  para-derivative 
(1  :  4)  can  give  rise  to,  or  be  derived  from,  only  one  tri-derivative, 
viz.,  the  unsymmetrical  modification,  1:  2:  4  or  1:  3:  4. 

(2).  That  an  ortho-derivative  (1 :  2)  can  give  rise  to,  or  be  produced 
irom,  two  tri-derivatives,  viz.,  the  consecutive  1:  2:  3,  and  the  im- 
synmietrical  1:2:4. 
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(3).  That  a  meta-derivative  (1:3)  can  give  rise  to,  or  be  formed 
from,  all  the  three  tri-derivatives,  1:  2:  3,  1:  3:  4,  and  1:  3: 5. 

These  conclusions,  which  are  fully  borne  out  by  experiment, 
enable  us  to  give  definitions  of  the  three  classes  of  di-derivatives 
depending  only  on  their  relations  to  the  tri-derivatives,  and  inde- 
pendent of  all  assumptions  as  to  the  relative  positions  of  the  sub- 
stituted radicles ;  thus: 

A  di-derivative  of  benzene  is  para-,  ortho-,  or  meta-, 
according  as  it  can  give  rise  to,  or  be  formed  from,  one, 
two,  or  three  tri-derivatives. 

II.  In  the  Substitution-derivatives  of  the  Homologues  of  Benzene. — 
The  derivatives  of  toluene  and  the  higher  hydrocarbons  of  the  series 
CnH2n-6,  exhibit  two  kinds  of  isomerism:  (1).  According  as  the 
replacement  of  the  hydrogen  takes  place  in  the  benzene-nucleus  or 
principal  chain,  or  in  one  of  the  lateral  chains  (p.  419) ;  thus  from 
toluene,  CqH^.GH^,  are  derived  : 

CgH^CLCHg        isomeric  with  CoHg.CHjCl 

Monochlorotoluene.  Benzyl  chloride. 

CcH,(0H).CH3  „  CeH,.CH2(0H) 

CresoL  Benzyl  alcohol. 

CeH,(NH2).CH3  „  GeH^.CH^CNH^) 

Toluidine.  Benzylamine. 

These  isomeric  derivatives  differ  considerably  from  one  another 
in  their  properties.  Those  in  the  left-hand  column,  formed  by 
replacement  of  hydrogen  in  the  benzene-nucleus, — like  those  derived 
in  like  manner  from  benzene  itself, — are  comparatively  stable  com- 
pounds, which  do  not  give  up  their  chlorine,  hydroxyl,  &c.,  in  ex- 
change for  other  radicles  so  easily  as  the  corresponding  derivatives 
of  the  paraflins, — whereas  those  in  the  right  hand  column,  formed 
by  replacement  of  hydrogen  in  the  lateral  chain,  are  more  active 
bodies,  easily  susceptible  of  this  kind  of  transformation.  Thus 
benzyl  alcohol  treated  with  hydrochloric  acid  yields  benzyl  chloride 
(just  as  ordinary  ethyl  alcohol  similarly  treated  yields  ethyl  chlo- 
ride) ;  and  this  compound  heated  with  animonia  yields  benzylamine  ; 
the  chloride  is  also  easily  converted  into  the  acetate,  cyanide,  &c., 
by  treatment  with  the  corresponding  potassiimi  salts.  In  short, 
these  last-mentioned  tohiene  derivatives  exhibit  reactions  exactly 
like  those  of  the  corresponding  compoimds  of  the  methyl  and  ethyl 
groups.  The  two  series  of  compoimds  maj^,  however,  be  represented 
by  formulae  of  similar  structure,  but  containing  isomeric  radicles, 
those  in  the  left  hand  coliman  being  compounds  of  methyl- 
phenyl  or  tolyl,  CgH4(CH3),  and  those  in  the  right-hand  colunm 
being  compounds  of  phenyl-methyl  or  benzyl,  CHgCCeHs);  e.g.: 

'^.H.<g5^,  -  K  j  &f.(CHJ     OH.<g.H.  .  H  j  Of .(W. 

Toluidine  or  Tolylanilno.  Benzylamine 
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(2).  According  to  the  orientation  of  the  substituted  radicles  in  the 
heiizene-uucleus.— This  kind  of  isomerism  is  of  course  exhibited 
only  by  derivatives  like  those  in  the  left-hand  colmnn,  including 
the  hycbocarbons  which  contain  more  than  one  lateral  chain  ■  thus" 
dmiethyl-benzene  or  xylene,  C,R,{Cli,)„  exhibits  the  three  modi^ 
ncations,  1:2,  1:3,  and  1 :  4. 

The  difference  in  chemical  character  arising  from  substitution  in 
the  principal  or  m  the  lateral  chains  is  much  greater  than  that  which 
depends  on  the  orientation  of  the  substituted  radicles  in  the  prin- 
cipal chain  ;  in  fact,  the  differences  in  the  latter  case  are  chiefly  of 
physical  character,  relating  to  density,  melting  point,  boiling  point, 
&c.  In  speaking  of  these  two  kinds  of  modification,  it  will  be  con- 
yement  to  designate  the  former  as  metameric,  the  latter  as 
isomeric. 


Benzene,  CgHg.— This  hydrocarbon  can  be  produced  syntheti- 
caUy  from  its  elements.  When  ethine  or  acetylene,  C„H,,  which,  as 
we  have  seen  (p.  61),  may  be  formed  by  the  direct  combination  of 
carbon  and  hydrogen,  is  heated  to  a  temperature  somewhat  below 
redness.  It  IS  converted  into  several  polymeric  modifications,  the 
principal  of  which  IS  triethine  or  benzene,  3C2H2  =  CeH„ 

This  mode  of  formation  leads  at  once  to  the  constitutional  formula 
of  benzene  above  given :  for  suppose  three  molecules  of  ethine  placed 
as  in  the  left  hand  figure  below;  and,  further,  that  one  of  the  three 
units  ot  affinity  between  the  two  carbon-atoms  in  each  of  these  mole- 
cules IS  removed,  and  employed  in  linking  together  the  alternate 
carbon-atonis :  then  we  have  the  formula  of  benzene,  as  given  in  the 
right  hand  figure.  ^ 

Ethine.  Ethine. 

H-C      C-H  H-C  C-H 

I-A      C-H  H-(i  Ll 


H- 


-H 


E'hine.  Benzene. 
Benzene  is  also  formed  in  the  diy  distillation  of  many  organic 
substances,  and  is  contained  in  considerable  quantity  in  the  more 
volatile  portion  of  coal-tar  oil,  from  which  it  is  now  almost  always 
prepared,  lo  obtain  it,  the  oil  is  repeatedly  washed  with  dilute 
sulphuric  acid  and  with  pota,sh,  to  remove  the  alkaline  and  acid 
products  likewise  existing  in  it;  and  the  remaining  neutral  oil  is 
submitted  to  repeated  fractional  distillation,  the  portion  which  goes 
over  be  tween  80°  and  90°  being  collected  apart.  On  cooling  this  dis- 
tillate to  - 12°,  the  benzene  crystallises  out,  and  may  be  purified 
irom  adhering  liquid  substances  by  pressure .  It  is  now  prejiared  in 
immense  quantities  for  the  manufacture  of  aniline ;  but  the  commer- 
cial product  is  always  impure,  containing  also  the  higlier  members 
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Pui-e  benzene  may  be  obtained  by  distilling  benzoic  acid  ■v\'itlL 
lime : 

CyHeOg    +    CaO    =    CaCOa    +  C^B.^ 

Benzoic  Lime.  Calcium  Benzene. 

ixcid.  carbonate. 

Benzene  is  identical  with  tbe  so-called  bicarhuret  of  hydrogen,  dis- 
covered many  years  ago  by  Faraday  ia  the  liqiiid  condensed  during 
the  compression  of  oil-gas  (i.  176). 

Pure  benzene  is  a  thru,  limind,  colourless,  strongly  refractmg 
liquid,  having  a  peculiar  ethereal  odour.  It  has  a  density  of  0-889 
at  0°,  0-885  at  15-5°,  boils  at  80-5°,  and  solidifies  at  0°  to  a  mass  of 
rhombic  crystals  melting  at  3°.  It  is  nearly  insoluble  in  water,  but 
mixes  with  alcohol  and  ether.  It  dissolves  iodine,  sitlphur,  and 
phosphorus,  and  a  large  number  of  organic  substances,  fats  and 
reshis  for  example,  which  are  insoluble,  or  very  sparingly  soluble  in 
water  and  alcohol :  hence  its  use  m  many  chemical  preparations, 
and  for  removing  grease-spots  from  articles  of  dress. 

Benzene,  passed  in  the  state  of  vapour  through  a  iJorcelaul  tube 
heated  to  bright  redness,  is  partly  resolved  iuto  hydi-ogen  gas  con- 
takiing  a  small  quantity  of  ethiue,  and  the  follo-\rag  liquid  pro- 
ducts: (1.)  diphenyl,  CijHio  =  ZCgHe - ;  (2.)  diphenylben- 
zene,  CBH4(CgH5)2,  formed  according  to  the  equation  3CeHg  =  CigHy 
-I-2H2;  (3.)  benzerythrene,  a  solid,  resinous,  orange-coloured 
body  of  unknown  composition,  which  distils  over  in  yellow  vapours 
at  a  dull  red  heat ;  (4.)  bitumen  e,  a  blackish  liquid,  which  remains 
in  the  retort  at  a  duU  red  heat,  and  solidifies  on  cooling.*  Heated 
to  275°-280°  with  80-100  parts  of  strong  hydriodic  acid,  it  is  con- 
verted into  hexane,  CqH^4. 

Additive-compounds  of  Benzene. — Benzene,  though,  as  already 
observed,  it  mostly  reacts  as  a  satm-ated  molecule— exhibiting  indeed 
in  its  chemical  relations  a  very  close  resemblance  to  the  parafiins — 
can  nevertheless,  under  certain  circumstances,  take  up  6  atoms,  or 
3  molecules,  of  chlorine  or  bromine,  forming  the  compounds  CgHfiClj 
and  CgHgBrg.  These  are  crystalline  bodies,  obtained  by  exposing 
benzene  to  simshine  in  contact  with  chlorine  or  bromine,  the  former 
also  by  mixing  the  vapour  of  boUing  benzene  -with  chlorine.  Ben- 
zene hexchloride  melts  at  132°,  and  boils  at  288°,  being  partly 
resolved  at  the  same  time  into  hydrochloric  acid  and  trichloro- 
benzene:  CBHoCl8=3HCl-)-CgH3Cl3.  The  same  decomposition  is 
quickly  produced  by  heating  the  compound  with  alcoholic  solution 
of  potash.    Benzene  hexbromide  exhibits  a  sunilai-  reaction. 

Benzene  is  also  capable  of  miiting  directly  with  thi-ee  molecules  of 
hypochlorous  acid,  forming  the  compound  CgHoClgOg,  or  CgHg-SClOH, 
which  crystallises  in  thin  coloiu'less  plates  melting  at  about  10°,  and 

*  Bevtlielot,  Bulletin  cle  la  Socidtd  CMmique de  Paris  [2],  vi.  pp.  272,  279; 
Scliultsc,  Aim.  Cliem.  clxxiv.  201. 
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is  converted  by  alkalis  into  a  white  delic^uescent  compound  called 
phenoBe,  CyHijOe,  isomeric  with  glucose  or  grape-sugar: 

CoHgCljOg  -f-  3HK0  =  3KC1  -f  0,11,^,. 

The  formation  of  these  additive  compounds  may  be  explained  in 
the  same  manner  as  that  of  ethene  chloride  (p.  54),  namely,  by  sup- 
posing that  when  the  benzene-molecule  is  subjected  to  the  influence 
of  chlorine,  bromine,  &c.,  the  attachment  of  the  alternate  pairs  of 
carbon-atoms  is  loosened,  so  that  each  pair  of  carbon-atoms  becomes 
united  by  only  one  unit  of  affinity,  and  each  carbon-atom  has  one 
unit  of  afhuity  left  fi'ee,  and  ready  to  take  up  an  atom  of  chlorine  or 
other  univalent  radicle.  The  nature  of  the  alteration  is  shown  by 
the  following  figures,  in  the  second  of  which  the  unsaturated  affini- 
ties are  indicated  by  dots : 


K-C  b-H  H-o-  .\-H 


Saturated.  Unsaturated. 

Toluene,  CyHg,  or  Methyl-benzene,  CeHgCCHg).— This 
hydrocarbon  is  produced  :  Synthetically  (1.)  By  the  action  of  sodium 
on  a  mixture  of  bromobenzene  (phenyl  bromide),  and  methvl 
iodide: 

CoHsBr  -1-  CH3I  +  Na2  =  NaBr  -f  Nal  +  G,U,.CH,. 

This  reaction  is  an  example  of  a  general  synthetical  method  of 
producing  the  hydrocarbons  CnH2n-6,  represented  by  the  equation: 

CnH2n-7Br  4-  CnH2n-»-iI  +  Naj  =  NaBr  -|-  Nal 

+  CnH2n-7.CnH2n+l[=  C2nH4n-6.] 

(2.)  By  the  mutual  action  of  benzene  and  methane  in  the  nascent 
state,  as  when  a  mixture  of  2  parts  of  sodium  acetate  and  1  part  of 
sodium  benzoate  is  suljjected  to  dry  distillation : 

C„H„  +  CH4  =  CfHg  +  R,. 

It  is  also  produced  hj  distilling  toluic  acid,  OgHgOg,  with  lime, 
which  abstracts  carbon  dioxide: 

CgHgOg  =  CO,  +  CVHg. 

It  occurs,  together  with  benzene  and  the  other  hydrocarbons  of 
the  series,  in  light  coal-tar  oil,  and  in  the  products  of  the  distilla- 
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tion  of  wood,  Tolu  balsam,  dragon's  blood,  and  other  vegetable 
substances ;  and,  together  with  many  other  hydrocarbons,  in  Ran- 
goon tar  or  Burmese  naphtha. 

Toluene  is  a  limpid  liquid,  smelling  like  benzene,  and  having  a 
density  of  0-882  at  0°.  It  boils  at  111°,  and  does  not  solidify  at 
-  20°.  In  respect  of  solubility  and  solvent  power,  it  is  very  much 
like  benzene,  but  dissolves  somewhat  more  readily  in  alcohoL 
"When  treated  with  oxidising  agents,  it  yields  benzoic  acid,  CjHgOg, 
or  derivatives  thereof;  with  potassium  chromate  and  sulphuric 
acid,  it  yields  benzoic  acid  ;  and  by  prolonged  boiling  with  strong 
nitric  acid,  nitrobenzoic  acid. 

Toluene  vapour  passed  through  a  red-hot  porcelain  tube  is  partly 
resolved  into  hydrogen  gas  (with  small  quantities  of  methane  and 
ethine),  and  the  following  liquid  products ;  (1.)  Benzene  and 
naphthalene  in  considerable  quantities.  (2.)  A  crystallisable 
hydrocarbon  volatilising  at  280°,  and  probably  consisting  of 
dibenzyl,  C14H14..  (3.)  A  liquid  isomeric  with  the  last.  (4.)  A 
mixture,  distilling  above  360°,  of  antliracene  with  an  oUy  liquid. 
(5.)  Chrysene  and  the  last  decomposition-products  of  benzene.  The 
formation  of  benzene,  naphthalene,  anthracene,  and  dibenzyl  is 
represented  by  the  equations : 

2C,H8    =    CA    +    H^;    2C7H8    =    Ci^Hio    -1-  3H2. 

Toluene.  Dibenzyl,  Toluene.  Anthracene. 

4C,H8    =    3CeHe    +    C10H3    +  m,. 

.Toluene.  Benzene,  Naphtha- 

lene. 

Hydrocar'boiis,  CgH^Q. — This. formula  includes  the  two  meta- 

meric  bodies : 

Ethyl-benzene.  Dimethyl-benzene. 

1.  Ethyl-benzene  is  produced  by  the  action  of  sodium  on  a 
mixture  of  monobromobenzene  and  ethyl  bromide.  It  is  a  colour- 
less, mobile  liquid,  very  much  like  toluene,  having  a  density  of 
0-866,  and  boiling  at  134°.  By  oxidation  with  chromic  acid  mix- 
ture it  yields  benzoic  acid.  It  is  attacked  by  chlorine,  bromine, 
and  nitric  acid,  forming  substitution-products. 

2.  DiMBTHYii-BENZENE,  or  XYLENE,  admits  of  the  three  modi- 
fications, para-,  ortho-,  and  meta.  The  first  and  second  are  produced 
by  the  action  of  sodium  on  a  mixture  of  methyl  iodide  with  para- 
and  ortho-bromotoluene  respectively,  the  bromine-atom  in  each  case 
being  replaced  by  methyl : 

^B^4<CH3       ^^'^  ^         "  ^"'^'^  ^  ■^''^  ^e^^^CHj- 
Orthoxylene  is  also  formed  by  heating  orthodimethyl-benzoic 
acid,  C0H10O2  =  CgHa  \  (inappropriately  called  paraxylio 
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acid),  with  lime;  C^RioO^  =  CO^  +  CgHjo,  and  metaxylene  (or 
iso-vylene)  in  like  manner  ii-om  two  other  modifications  of  the  same 
acid,  called  xyLic  and  mesitenic  acids  : 

1-       2      3        4-       5  6 
Paraxylicacid,Ce.CH3.CH3.  E.   CO2H.    H.     H,  give  1 : 3  Xylene. 
Xylicaeid,      Cg.CHg.  H.  CH3.  CO^H.   H.     H,  )  gives  1 :  2  Xyl- 
Mesitenic  acid,  C0.CH3.  H.  CH3.    H.    CO2H.  H,  }  ene. 

These  isomeric  xylenes  are  colourless,  volatile  liquids,  orthoxylene 
boilingat  140°-141°, metaxylene  at  137",and  pai-axylene  at  136°-137°. 
Meta-  and  para-xylene  are  contained  in  the  less  volatile  portion  of 
light  coal-naphtha.  When  the  portion  of  this  liquid  which  boils 
at  about  141°  is  shaken  with  oil  of  vitriol  containing  a  little  fumino- 
sulphuric  acid,  the  xylene  is  dissolved  in  the  form  of  xylene-sul" 
phonic  acid,  CgHmSOg ;  and  on  decomposing  this  compound  by  dry 
distillation,  and  purifying  the  distillate  by  washing,  drying",  and 
rectitication,  a  mixture  of  metaxylene  and  paraxylene  is  obtained, 
containing  90  per  cent,  of  the  former. 

Xylene  (either  modification)  passed  through  a  red-hot  tube,  is 
resolved  into  a  mixture  of  several  hydrocarbons,  among  which  are 
benzene,  toluene,  styrolene,  naphthalene,  anthracene,  and  its  higher 
homologues.  The  formation  of  some  of  these  products  is  repre- 
sented by  the  following  equations : 

^8^10  -    H2  =    CgHg  (Styrolene) 
SCgHio  -  3H2  =  2C7H8  -f  CioHg  (Naphthalene) 
and  2C7H8  -  SH.  =    Cj^Hio  (Anthracene). 

The  xylenes,  oxidised  with  a  mixture  of  potassium  dichromate 
and  sulphuric  acid,  are  converted  into  phthalic  acids,  C»H„0, 
(  COOH  0^4 
°r  CgH^  j  (^QQg ,  according  to  the  equation,  C8Hio-t-Oe=2H20H- 

^i^oO^,  each  modification  of  the  hydrocarbon  yielding  a  corre- 
sponding modification  of  the  acid. 

Hydrocarbons,  CgHij.— This  formula  includes  the  three 
lollowmg  metameric  bodies  : 

C«H,(C3H,)         ^oT^^{c%  CoH3|cH3 

Propyl-benzene.  Kthyl-methyl-  Ti-imetliyi- 

benzene.  benzene. 

All  three  have  been  formed  synthetically,  the  first  by  the  action 
of  sodium  and  propyl  iodide  on  bromobenzene  ;  the  second  by  that 
ot  sodium  and  ethyl  bromide  on  bromotoluene  ;  the  tliird  by  tliat 
of  sodmm  and  methyl  bromide  on  bromoxylene  ;  thus  : 

(1.)  CgHjBr  +  C3H7I   +  Naa  =  NaBr  +  Nal  +  CoHsfCgHy) 

(2.)  C8H4Br(CH3)  +  C^H^Bt  +  Naj  =  2NaBr  +        +  CdHjCCHaXC^Hr)' 

(3.)  CoHjBrlCHa),  +  CEgBr  +  Nag  =  2NaBr  +         +  CoHaiC'Hs)^. 
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1.  Propyl-benzene  is  a  lir|uid  wliicli  boils  at  157°,  forms  with 
excess  of  bromine  a  viscid  tetrabrominated  compound,  CnHgBr^,  and 
Avith  excess  of  strong  nitric  and  sulphiuic  acids,  a  crystalline  tii- 
nitro-derivative,  CgH9(N09)3.  .  . 

A  hydrocarbon,  called  cumene,  also  havmg  the  composition 
CgH,,,  and  very  much  like  propyl-benzene,  exists  ready-formed  in 
Eoman  cumm-oil,  and  is  obtained  artificially  by  distilling  cumic 
acid,  C10H12O2,  with  lime  ;  but  it  boils  at  a  lower  temperature,  viz., 
151°  forms  with  bromine  a  finely  crystallised  pentabrominated 
derivative,  CgH^Brg,  and  is  converted  by  excess  of  a  mixture  of 
nitric  and  sulphmic  acids  only  into  dimitrocumene,  Cc|Hio(N02)2._  It 
ao-rees  with  propyl-benzene,  however,  in  being  converted  by  oxida- 
tion with  chromic  acid  into  benzoic  acid.  Hence  it  is  ]3robable 
that  both  these  hydrocarbons  have  the  composition  C'BHg.CgH- ;  but 
that  cumene  consists  of  isopropyl-benzene,  CgH5.CH(CH3)o,  M'hereas 
the  compound  formed  by  the  action  of  sodium  and  propyl  iodide  on 
bromobenzene  is  normal  propijl-henzme,  CQHg.CHgCHaCHg.  This 
supposition  is  in  accordance  with  the  lower  boUing  point  of  cumene, 
as  it  is  a  general  rule  that  isopropyl-compounds  boil  at  lower 
temperatm-es  than  the  corresponding  normal  propyl-compoimds. 

Cumene  dissolves  in  hot  fuming  nitric  acid,  and  water  added  to 
the  solution  throws  down  a  heavy  oil,  consisting  of  mononitro- 
cumene,  CgHii(N02),  which  is  reduced  by  ammonium  sulphide  to 
amidocmnene  or  cumidine,  CgHii(NH2). 

2.  Ethyl-methtl-benzene  or  Ethyl-toluene  is  known  in  two 
isomeric  modifications.  The  pant-modification  (1 :  4),  obtained  from 
parabromotoluene  and  ethyl  bromide  in  the  same  manner  as  ethyl- 
benzene  from  bromobenzene,  is  a  liquid  boiling  at  161°-162°,  and 
having  a  density  of  0-865  at  21°.  By  oxidation  it  yields  terephthalic 
acid.  The  mefa-modification  (1:3),  obtained  in  like  manner  from 
metabromotoluene,  boils  at  158  -159°  ;  has  a  density  of  0-869  at  20°; 
and  is  converted  by  oxidation  into  isophthaUc  acid. 

3.  Trimethyl-benzene,  CqH3(CH3)3,  is  susceptible  of  three 
isomeric  modifications,  only  two  of  which,  however,  are  knoM-n. 
Both  of  them  exist  in  coal-tar,  but  camiot  be  completely  separated 
therefrom  by  fractional  distillation. 

Mesitylene      or      Symmetrical  Trimethyl-benzene, 

C6.CH3.H.CH3.H.CH3.H,  is  formed  by  distilling  acetone  with 
sulphuric  acid  : 

3CO(CH3)2  =  CoH3(CH3)3  -f-  SHjO . 

A  mixture  of  1  vol.  acetone  and  1  vol.  sulphuric  acid,  diluted  A\'itli 
A  vol.  water,  is  distilled  from  a  retort  containing  sand,  and  the  oily 
layer  of  the,  distillate  is  separated  from  the  watery  layer,  washed 
with  solution  of  sodium  carbonate,  and  distilled. 

Mesitylene  is  a  colourless,  fragrant  liquid,  boiling  at  163°.  By 
oxidation  with  dilute  nitric  acid,  it  is  successively  converted  into 
mesitylenic   acid,    CoH3(CH3)2Cb2H,    mesidic   or   uvitic  acid, 
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C„H3(CH3)(CO,H)2,  and  trimesic  acid,  CfiH3(C02H)3,  all  of  which 
have  the  s}Tnmetrical  structure  1:3:5.  By  oxidation  with  chromic 
acid  mixture  it  is  completely  decomposed,  with  formation  of  acetic 
acid.  Heated  with  phosphonium  iodide,  PH4I,  to  250°-300°,  it  is 
converted  into  the  hycbocarhon,  CgH^g,  which  boils  at  136°,  and 
yields,  with  oxidising  agents,  the  same  products  as  mesitylene 
itself. 

Pseudocumene  or  Unsymmetrical  Trimethyl-benzene, 
Cg.CH3.H.CH3.CH3.H„  occiu-s,  together  with  mesitylene,  in  coal-tar 
oil  (boiling  at  les^-lSS"),  and  is  formed  by  the  action  of  methyl 
iodide  and  sodium  on  bromoparaxylene,  C(;.CH3.H.Br.CH3.H2,  or 
bromometaxylene,  Cc.CH3.H.CH3.Br.H,.  It  boils  at  166°,  and  is 
oxidised  by  dilute  nitric  to  paraxyHc  acid,  CgH3(CH3)2CO,H,  and 
xyhdic  acid,  C8H3(CH3)(C02H)2. 

Hydro  carbons,  CiqHj^^. — Of  these  there  are  five  metameric 
modilicatious,  viz. : — 

Butyl-benzene,  Cp,H,.C,Ho 


Methyl-propyl-benzene, 
Diethyl-benzene,  . 
Ethyl-dimethyl-benzene, 
Tetramethyl-benzene,  . 


CgH4.CH3.C3H7 
CgH4.C2H5.C2H5 
CgH3.CoH5.(CH3)2 

CqH2(CH3)4 

1.  Butyl-benzene.— Of  this  hydrocarbon  there  are  three  sub- 
modifications  depending  upon  the  structure  of  the  butyl-radicle. 
Normal  butyl-benzene,  CgH..CH2.CH2.CH3.CH3,  and  Isobutyl-benzene, 
CiiH5-CH2.CH(CH3)2,  are  obtained  by  the  action  of  sodiimi  on  a 
mixtivre  of  bromobenzene  and  normal  or  isobutyl  bromide,  or  on  a 
mixture  of  benzyl  bromide  (CgH^.CHgBr),  or  chloride,  with  the  iodide 
of  normal  propyl  or  isopropyl.  The  first  has  a  density  of  0-8622  at 
16°,  and  boils  at  180°  ;  the  second  has  a  density  of  0-89  at  15°,  and 

boils  at  167-5°.  A  third  butyl-benzene,  GoH^.CR<Q^^Q-fj  ,  having 
a  density  of  0-8726  at  16°,  and  boiling  at  170°-172°,  is"  produced  by 
the  action  of  zmc-ethyl  on  phenyl-ethyl  bromide,  O0H6.CHBr.CH3. 

2.  Methyl-propyl-benzene  or  Cymene,  CJi.^^^s 

,  Oil2L/M2CH.^ 

(1  :  4),  occurs  in  Roman  cumin  oil  (the  volatile  oil  of  the  seeds  oi' 
Ouminv/m  Cijminum),  and  in  the  volatile  oils  of  Ptychotis  Ajowan, 
Cicuta  virosa,  Eucahjptus  globulus,  and  other  plants.  It  is  produced 
synthetically  by  the  action  of  sodium  on  a  mixture  of  parabronio- 
tohiene  and  normal  propyl  iodide;  formed  also  from  tui-pentine  oil 
and  Its  isomerides,  C^oPIjg,  by  heating  with  iodine,  by  the  action  of 
strong  sulphuric  acid,  and  by  heating  the  dibromides  of  these 
hydrocarbons  with  sodium,  alcoholic  potash,  or  aniline.  It  appears 
also  to  be  formed  in  small  quantity  by  the  spontaneous  oxida- 
tion of  turpentine  oil  in  contact  with  the  air.  Further,  it  is 
procluced  from  the  isomeric  compounds,  thymol  and  carvacrol, 
C^H3(OH)(CH3)(C3Hj),    by  heating  witli  pliosphorus  pentasul- 
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phide,  or  by  the  action  of  phosphorus  pentachloride  and  sodium- 
amalgam,  chlorocymene  being  first  produced  and  then  dechlorinated 
by  the  sodium-amalgam  ;  lastly,  together  with  toluene,  xylene, 
mesitylene,  and  other  hydrocarbons,  by  distilling  camphor,  CioHjgO, 
over  zinc  chloride  or  phosphoric  anhydride.  It  is  most  easily  pre- 
pared by  gently  heating  two  parts  of  camphor  with  one  part  of 
phosphorus  pentasulphide,  repeatedly  agitating  the  crude  distillate 
with  strong  sulphuric  acid,  and  rectifying. 

Cymene  is  a  liquid  having  a  specific  gravity  of  0-8732  at  0°,  and 
boiling  at  175°.  By  oxidation  with  nitric  and  with  chromic  acid, 
it  yields  paratoluic  and  terephthalic  acids.  It  dissolves  in  strong 
sulphuric  acid,  forming  a  sulphonic  acid,  the  barium  salt  of 
which  crystallises  in  shiaing  lamina,  having  the  composition 
(CioHi3S03)2Ba+3H20. 

3.  DiETHYL-BENZENE,  CbH4(C2H5)2  (1  : 4),  obtained  by  the  action 
of  sodium  on  a  mixture  of  bromethyl-benzene  and  ethyl  bromide, 
is  a  colourless  liquid  which  boils  at  178°-179°,  and  is  converted  by 
oxidation  into  ethyl-benzoic  acid  (1:4)  and  terephthalic  acid. 


is  formed,  together  with  methyl-diethyl-benzene,  by  distilling  a 
mixtiu'e  of  dimethyl  ketone  (acetone)  and  methyl-ethyl  ketone  with 
sulphuric  acid :  hence,  like  mesitylene,  it  possesses  the  symmetrical 
structui-e,  1  :  3  :  5  (p.  430).  It  has  a  density  of  0-864  at  20°,  boils 
at  180°-182°,  and  is  oxidised  by  nitric  acid  to  mesitylene  and 
uritic  acids. 

5.  Tetramethyl-benzene  or  Durene,  CgH2(CH3)4  (consecutive 
or  symmetrical  ?),  is  formed  by  the  action  of  sodium  on  a  mixture 
of  methyl-iodide  and  bromopseudocumene  on  dibromoxylene.  It 
is  crystalline  at  ordinary  temperatures,  melts  at  79°-80°, 
boils  at  190°,  and  is  oxidised  by  dilute  nitric  acid  to  durylic  acid, 
C6H2(CH3)2C02H,  and  cumidic  acid,  CH(CH3)2(C02H),. 

The  unsymmetiical  modification  (1  :  3  :  4  :  5),'  obtained  from 
bromomesitylene,  boUs  at  192°-194°,  and  remains  liquid  at  low 
temperatures. 

Hydrocarbons,  CuHjg. — Of  the  seven metameric  compovmds 
represented  by  this  formula,  three  only  have  been  obtained,  viz. : 

Amyl-benzene,     ....  CgHg.CjHi,       boiliag  at  1 93° 

Diethyl-methyl-benzene,  or  Die-  pi  tt  (   CH3                   ■,  ^qo 

thyl-toluene,     ....  ^8^3 1  (C2H5)2  " 

Propyl-dimethyl-benzene,  Propyl-  p  tt  (  (0113)2"  icqo 

xylene  or  Laurene,   .      .       ,  ^o"-3\   C3H7  " 

The  first  is  obtained  by  the  action  of  sodium  on  a  mixture  of 
monobromobenzene  and  amyl  bromide ;  the  second  by  that  of  zinc- 
ethyl  on  beuzylene  chloride : 


C0H5.CHCI2  +  Zn{C,H,),  =  ZnCl2  +  CoH3.CH3(CsjH5)2 ; 


4.  Ethyl-dimethyx-benzene  or  Ethyl-xylene,  CbH3 


CINNAMENE. 
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the  third,  together  with  several  of  its  lower  homologues,  by  distil- 
ling camphor  with  zinc  chloride.    The  constitution  of  this  last 
modification  is  inferred  from  its  reaction  with  dilute  nitric  acid 
which  oxidises  it  to  lauroxylic  acid,  CgHjoOg :  ' 

C«S3{[^;gf^  +  0„  =  2C0,  +  3H,0  +  WjgH).. 

Hydrocarbons,  C^^-R^g  and  C13H20.— These  bodies  admit  of 
numerous  modifications,  but  the  first  is  knovm  in  only  two,  the 
second  in  one  modification,  viz. :  ' 

Boiling     Specific  gi'ii- 
point.       vity  at  9°. 
Triethyl-benzene,       .       .    CoH3(C2H5)3  218° 

Amyl  -  methyl  -  benzene   or   ^ -r,-  (  C.H„ 
Amyl-toluene,  .       .       .    W  j  c'e^"      213°  0-8643 

Amyl -dimethyl -benzene  or    ^  xr  (  C^^H,, 

Amyl-xylene,  .       .       .    ^"^3  j  ((^h^^  0-8951 

Triethyl-benzene  (1:3:5)  is  formed  by  distilling  ethyl-methyl 
ketone,  CH,— CO— CgHg,  with  sulphuric  acid;  it  is  oxidised  by 
chronuc  acid  to  trimesic  acid. 

Amyl-methyl-benzene  and  amyl-dimethyl-benzene  are 
formed  by  the  action  of  sodium  and  amyl  bromide  on  bromotoluene 
and  bromoxylene  respectively. 


UNSATURATED  HYDROCARBONS, 
CnHan-8  and  CnH2n-10. 

nS^^nu-^r"^®^^®^®  °^  Vinyl-benzene,  CoHo  = 
h^s—^-H— CHg;  also  called  Phenyl- ethene,  Cinnamene,  and  Styro- 
lene.  This  hydrocarbon  occurs  in  liquid  storax  (from  Liquidambar 
oruntale),  and  may  be  prepared  therefrom  by  distilling  the  Ixalsam 
With  water  containmg  a  Httle  sodium  carbonate,  to  retain  cuinamic 
acid. 

It  is  produced :  1.  Synthetically :  «.  By  passing  a  mixture  of  ben- 
zene-vapour and  acetylene  or  ethene  through  a  red-hot  tube : 

CoH,  +  O2H2  =  CgHg;  and  CflH„  -1-  C^H^  =  CgHg  +  H^. 
ethene^         manner,  together  with  benzene,  from  diphenyl  and 

2.  In  the  decomposition  of  xylene  which  takes  place  when  the 
vapour  of  that  compound  is  passed  through  a  red-hot  tube :  CoH,„  = 
CgHg-^H,  (p.  429).  *  " 

3.  By  distilling  cinnamic  acid  with  baryta,  which  removes  cai'bon 
dioxide  :  C^Yi^O^  =  00^-1-  CgHg . 

FOWNES.— VOL.  II.  ,  2  E 
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Cinnamene  is  a  very  mobile,  colourless  oil  of  specific  gravity  0'924. 
It  boUs  at  146°,  and  bas  a  density  of  0-924.  When  heated  to  200°  in 
a  sealed  tube,  it  is  converted  into  a  white,  transparent,  bighly  refrac- 
tive, solid  substance,  called  nietacinnamene  or  nietastyrolene. 
This  substance,  when  heated  in  a  small  retort,  yields  a  distillate  of 
pure  liquid  cinnamene.* 

A  mixture  of  cinnamene  vapour  and  ethene  passed  througb  a  red- 
hot  tube  yields  large  quantities  of  benzene  and  naphthalene.  The 
first  is  i^roduced  from  tbe  cinnamene  by  abstraction  of  C2H2 ;  the 
second  according  to  the  equation : 

CgHg  -t-  C2H4  =  CjoHg  +  2H2 . 

A  mixture  of  cimiamene  and  benzene  vapours,  passed  through  a 
red-hot  porcelain  tube,  yields  anthracene,  G^^H.^Q,  together  with  small 
quantities  of  other  products : 

CgHs  +  CeHg  =  Ci.Hio  +  2H2 . 

Cinnamene  acts  witb  chlorine  and  bromine  like  a  bivalent  radicle, 
formiug  the  compounds  CgHgClg  and  CgHgBrj,  which,  when  treated 
with  alcoholic  potash,  give  up  HCl  and  HBr  (like  tbe  corresponding 
ethene- compounds),  leaving  chloro-cinnamene,  CgHyCl,  and  bromo- 
cinnamene,  CgHj-Br.  According  to  Lam-ent,  cinnamene  yields  with 
chlorine  a  hexchloride  of  dicbloro-cinnaniene,  CgHgCU.Clg. — Meta- 
cinnamene  is  also  acted  upon  by  bromine,  but  with  considerable 
difficulty. — Botb  ciimamene  and  metacinnamene  treated  with  fum- 
ing nitric  acid  yield  mononitrated  derivatives,  CgHj(N02):  tbat 
obtained  from  cinnamene  is  crystalline;  that  from  metacinnamene 
amorphous. 

Allyl-benzene,  CgHio  =  CgHj— CHj— CH^CHg,  or  Pheiiyl- 
allyl,  formed  by  heatiag  bromobenzene  (phenyl  bromide),  CgHjBr, 
and  allyl  bromide,  CjH-Br,  with  zinc,  boils  at  155°  and  forms  a. 
dibromide  melting  at  60°. 

Phenyl-propylene,  CoHg— CH=CH — CH3,  isomeric  with  it,  is 
obtained  from  cinnamic  alcobol;  it  boils  170°,  and  forms  a  dibromide 
melting  at  66°. 

Acetenyl-benzene    or  Phenyl-acetylene, 

CgHg  =  CgHg — C=CH,  is  formed  by  heating  bromociimamene, 
CgHg .  CH— CHBr2  or  acetophenone  chloride,  C6H5.CCl2.OHj, 
with  alcoholic  potash ;  also  by  heating  pbenylpropiolic  acid  to  120 , 
with  water  or  with  baryta  : 

CgH,— C=C— CO2H  =  CO2  -t-  CeHg— C=CH; 

further,  together  with  cinnamene,  by  the  action  of  heat  on  several 

*  It  was  formerly  supposed  that  cinnamene  prepared  from  cinnamic  acid 
was  not  converted  by  heat  into  a  solid  modification,  lilce  stjTolene  from  storax: 
heuce  the  two  were  regarded  as  isomeric,  not  identical ;  but  later  researches 
have  shown  that  pure  cinnamene  from  cinnamic  acid  is  likewise  convertible 
into  solid  metacinnamene. 
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bycbocarbons.  It  is  an  aromatic  liquid,  boilino  at  140°  and 
precipitating  ammoniacal  sUver  and  copper  solutions  like  acety 
lene.  The  coj^er-compound,  {CsR,).fin„  is  yellow  :  the  silver- 
compound  iGsR,)^Ag,^.Ag.fi,  IS  white.  Sodium  dissolves  in  it 
iormmg  the  compound,  CgHgNa,  which  takes  fire  on  comino-  in  con- 
tact with  the  air,  and  is  converted  by  carbonic  acid  passed^  into  its 
ethereal  solution,  into  the  sodium  salt  of  phenylpropiolic  acid 

On  shaking  up  the  copper-compound  with  alcoholic  ammonia 
dtacetenyl-phenyl,  (CeH^.CaH)^  or  CH=C— CgH,— aH,— C^Ch' 
separates  out.  This  compound,  isomeric  with  pyrene,  melts  at  97°' 
and  forms  a  crystalline  compound  with  picric  acid  ' 
^i/iy^aceiemyZ-Sen^OTe  CioH^o  =  C6H5-C=C-C2H„  obtained  by 
the  action  of  ethyl  iodide  on  the  sodium-compound  of  acetenyl- 
benzene,  is  a  colourless  liquid  having  a  density  of  0-923  at  21°  and 
boihng  at  201°-203°.  ' 


HALOGEN  DERIVATIVES  OF  BENZENE  AND  ITS 
HOMOLOGXJES. 

These  compounds  are  formed  :  (1.)  By  direct  substitution  of  the 
halogen  elements.  Chlorine  and  bromine  act  on  the  aromatic 
hydrocarbons  more  readily  than  on  the  parafllns,  especiallv  in 
presence  of  lodme,  which  acts  as  a  carrier  of  the  chlorme  or  bro- 
nune.  The  action  of  chlorine  is  further  promoted  by  the  presence 
ot  a  small  quantity  of  antimony  pentachloride,  or  molybdenum 
pentachloride  these  bodies  first  giving  up  a  portion  of  their 
chlorine  to  the  hydrocarbon,  whereby  they  are  reduced  to  lower 
chlorides,  which  then  take  up  an  additional  quantity  of  chlorine 
and  transfer  it  in  Like  manner.  ' 

Iodine-derivatives  cannot  be  obtained  by  the  action  of  iodine 
alone,  because,  as  m  the  case  of  the  iodo-parafiins  (p.  65)  the  sub- 
shtution-product,  if  fornied,  would  be  immediately  decomposed  by 
the  hycbiodic  acid  formed  at  the  same  time.  The  reverse  action 
may,  however,  be  prevented  by  addition  of  iodic  acid,  the  action 
taking  place  as  represented  by  the  equation: 

5C„H«  +  21^  +  IO3H  =  5CcH,I  +  SH^O. 
(2.)  By  the  action  of  pentachloride,  pentabromide,  or  pentiodide 
01  phosphorus  on  the  hydroxy  1-derivatives  of  the  hydrocarbons 
(phenols  and  alcohols) ;  e.g., 

C7H,(0H)    +    PCI,    =    CVHjCl    +    POCI3    +  HCl 

Ci'e'o'-  Cliloro- 

toluenc. 

(3.)  By  the  decomposition  of  substituted  aromatic  acids  bv 
heat;  e.g.,  •' 

C„H„C1.C02H    =    CO,    +  CflH.Cl 
Clilorobenzolc  ucld.  Clilorobenzeiio. 


436 


BENZENE  GROUP  :  HALOID  DERIVATIVES. 


(4.)  The  halogen-derivatives  of  benzene  may  be  formed  from 
amidobenzene,  C0H5.NH2  (aniline),  and  the  chloranilines,  &c., 
C0H4CI.NH2,  for  example,  by  exchange  of  the  group  NH2  for  CI, 
Br,  &c.,  through  the  medium  of  the  corresponding  diazo-compounds 
(q.  v.).  This  is  a  very  important  reaction,  serving  in  many  cases 
to  determine  the  orientation  of  the  halogen-atoms  in  the  di-,  tii-, 
and  tetra-derivatives. 


Benzene-derivatives. 

ChloroTjenzenes. — Of  these  compounds  all  the  possible 
modifications  have  been  obtained. 

Monochlorobenzene,  CgHgCl,  or  Phenyl  c7ifon(Ze,  prepared  by 
chlormation  of  benzene,  or  by  the  action  of  PCI5  on  phenol,  is  a  liquid 
of  specific  gravity  1-128  at  O"',  boiling  at  132°,  solidifying  at  -40°. 

Dichlorobenzenes,  CgH^Clg. — In  the  formation  of  these  bodies 
by  dii-ect  chlorination  of  benzene,  the  ortho-  and  para-modifications 
are  always  formed  in  preference  to  the  meta  ;  in  fact  the  latter  can, 
for  the  most  part,  be  obtained  only  by  indirect  methods,  as  by 
exchange  of  the  NHg  in  chloraniline  for  CI  in  the  manner  above 
mentioned.    The  same  observation  applies  to  the  dibromobenzenes. 

Ortho-  (1:2). — From  benzene  and  chlorine  (together  with  1:4),  and 
from  orthochlorophenol.  Colourless  liquid,  not  solidifying  at  - 19°. 
Boiling  point  179°;  specific  gravity  =1-3728  at  0°. 

Meta-  (1:3).— From  metachloraniline,  Cg.NHjjH.Cl.Hg,  by  ex- 
change of  NHg  for  CI,  and  from  dichloraniline  (1:2:4), 
CVNHj.CLH.Cl.Hg,  by  exchange  of  NHj  for  H.  Liquid,  solidifying 
at'  - 18°,  boiling  at  172°.    Specific  gravity  1-307  at  0°. 

Fara-  (1:4),  the  chief  product  of  the  action  of  chlorine  on  ben- 
zene, in  presence  of  iodine,  forms  colourless,  mouoclinic  crystals, 
melts  at  54°,  boils  at  173°.  Produced  also  by  the  action  of  PCI5 
on  parachlorophenol. 

Trichlorobenzenes,  CQH3CI3. — The  unsymmctrical  modifica- 
tion 1:2:4,  obtained  by  chlorination  of  benzene,  by  the  action  of 
PCI5  on  dichloropheuol,  and  from  benzene  hexchloride,  CgHgClg,  by 
alcoholic  potash,  which  removes  3HC1,  forms  colourless  crystals, 
melts  at  17°,  boils  at  213°. 

The  symmetrical  modification  1:3:5  (or  2:4:6),  obtained  from 
1      2       4  G 

trichloraniline,  O6.NH2.CI.H.CI.H.CI,  by  exchange  of  NH2  for  H,  or 

1  35 

from  dichloraniline,  C(j.NH2.H.Cl.H.Cl.H,  by  exchange  of  NH,  for 
CI,  melts  at  63-4°,  boils  at  208°,  sublimes  at  ordinary  temperatures. 

The  consecutive  modification  1:2:3,  from  trichloraniline, 
Cg.NH9.Cl.Cl.Cl.H2,  crystallises  from  alcohol  in  large  plates,  melts 
at  53°-54°,  and  boils  at  218°-219°. 

Tetrachlorobenzenes,  CgH,Cl4. —  Unsymmctrical  (1:3:4:5  or 
1:2:4:6),  fi-om  trichloraniline,  CjiNHjj.Cl.H.Cl.H.Cl,  forms  colour- 
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less  needles,  melts  at  50^-51°,  boils  at  246" .-Symmetrical 
oiuo)$Zr!^TT  chlorine,  and  from  trichloraniline, 

i^8.iM±i2-'^i-n..t.l.Ul.±l,  lorms  slender  needles,  melts  at  137°-i38° 

^°^T/Vfnfn?1?°-  (1:2:3:4),  from  trichloraniline,' 

i.,i.iN±l2.Ul.Cl.Cl.H.,  crystallises  m  needles,  melts  at  45°-46°  boils  at 
254 .  ' 

Pentachlorobenzene,  CsHClg,  from  benzene  with  chlorine, 
melts  at  85°,  boils  at  270°.  ' 

Hexchlorobenzene,  CgCle  (Julin's  chloride  of  carbon),  isformed 
by  chlormation  of  benzene  m  presence  of  iodine,  SbCL,  or  MoCl-  ■ 
also  by  passing  the  vapour  of  chloroform  or  carlion  dichloride,  C,C1  ' 

222°-i26^  b'^"\l2°"^''  ^-P- 

Broxn.ohenzene8.~Monobromohenzene,  CcH^Br,  from  benzene 
with  bromme,  and  from  phenol  with  PBr,,  is  a  liquid  boiling  at 
154  ,  and  havmg  a  density  of  1-519  at  0°. 

Dibromobenzenes,  CbH^Bi^.— Direct  bromination  of  benzene 
^i^l  of  heat)  yields  chiefly  the  para-,  with  only  a  small  quantity 
ol  the  ortho-modification.  1  j 

Para  (1 : 4).— Obtained  from  benzene,  parabromophenol,  and  para- 
bromanilme,  melts  at  89°,  boils  at  218°,  and  yields  a  monomtro- 
derivative  melting  at  85°. 

Meta-  (1:3)— From  metabromaniline,  Cg.NHa.H.Br.H,,  bv 
exchange  of  NH2  for  Br,  and  from  dibromaniline,  a.NH,.Br  H  Br  Hi 
by  exchange  of  NH,  for  H,  is  a  liquid,  boiUng  at  219°,  of  spedfic 
gravity  1-955  atl8-6>ot  solidifying  at  -20°;  yields  two  mononitro- 
denvatives,  CoH,(N02)Br,  one  melting  at  61°,  the  other  at  82-5° 

Urtho-  (1:  2),  from  orthobromaniline,  and  in  small  quantity  from 
benzene  and  bromine.  Liquid,  solidifying  below  zero :  m.  p.  - 1"- 
b.  p.  223-8°;  sp.  gr.  2-003  at  0°.  '      1  > 

i-J'''}^oV^Vf''^-\  CoH^Brg—The  unsymmetrical  modifica- 
tions 1 : 2 :  4  or  1 : 3  : 4,is  formed  by  the  action  of  bromine  on  benzene, 
and  Irom  either  ol  the  three  dibromobenzenes  :  hence  its  constitution 
IS  determined  (p.  423)  ;  also  from  benzene  hexbromide,  C,HnBr„,  by 
the  action  of  alcoholic  potash,  which  abstracts  3HBr,  and  from 
dibromopheno  ,  CVOH.Br.H.Br.H^  (exchange  of  OH  for  Br  by  the 
action  ot  PBrJ.  It  melts  at  44°  and  boils  at  275°.  The  symmeUcal 
modification,  1:3: 5,  from  tribromaniline  Co.NHo.Br.H.BrH.Br, 
melts  at  1 19-5  ,  and  boils  at  about  278°.  The  consecutive  modification , 
1:^:3,  Irora  tribromaniline  Co.NHj.H.Br.Br.Br.H,  melts  at  87°. 

Tetrabromobenzenes,  C.^R^Bv,.  — Unsymmetrical,  1:3:4:5, 
Irom  tribromophenol,  Co.OH.H.Br.Br.Br.H,  also  from  the  corre- 
sponrling  tribromaniline,  and  from  tetiabromaniline,  forms  colour- 
less crystals,  melting  at  98°.  The  symmetrical  modi tication  1:2:4-6 
13"7°-140°''^'^^  with  l;romine,  forms  colourless  needles  melting  at 

Pentabromobenzene,  C„HBr5,  obtained  by  the  bromination  of 
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benzene,  forms  coloiu-less  needles,  subliming  without  decomposition, 
melting  at  about  240°. 

Hexbromobenzene,  CgBr^,  is  formed  by  the  action  of  bromine 
on  benzene  in  sunshine,  or  by  heating  benzene  with  bromine  con- 
taining iodine ;  also  from  tetrabromomethane,  CBr^,  in  small 
quantity  by  distillation,  in  larger  quantity  by  heating  to  300°-400° 
in  a  sealed  tube.  Resembles  hexchlorobenzene  ;  melts  at  a  tem- 
perature above  300°. 

It  will  be  seen  from  the  above  that  all  the  bromobenzenes  are 
known  except  consecutive  tetrabromobenzene. 

lodobenzenes  are  obtained  by  heating  benzene  with  iodine 
and  iodic  acid  to  200°-240° ;  by  the  action  of  iodine  and  phosphorus 
on  phenol  :  by  treating  silver  benzoate  "vvith  iodine  chloride  ;  and 
from  anilme  and  the  iodanilines,  similarly  to  the  chlorine  com- 
pounds. 

CgH,!  is  a  colourless  liquid,  boiling  at  185°:  specific  gravity  1-69. 

CgH4l2.— Pam.  Laminaj ;  m.p.  127°,  b.p.  277°.— Meto.  Large 
shining  laminas  resembling  naphthalene;  m.p.  40'4° ;  b.p.  284-7°. 

CgHglg.  Needles  melting  at  76°,  and  volatilising  without  decom- 
position. 

Fluobenzene. — CgHgFy  obtained  by  heating  calcium  fluo- 
benzoate  with  slaked  lime,  is  a  scaly  crystalline  mass,  meltiug  at 
40°  ;  boils  at  180°-183°. 

Toluene-  der  i  va  t  iv  e  s. 

These  compounds,  as  already  observed,  exhibit  metameric  modi- 
fications, according  as  the  replacement  of  hydrogen  atoms  takes 
place  in  the  principal  or  the  lateral  chain  ;  and  isomeric  modi- 
fications determined  by  the  orientation  of  the  substituted  radicles 
in  the  benzene-ringor  principal  chain  (p.  424). 

Chlorotoluenes.  —  Of  monochlorinated  toluenes  there  are 
two  metameric  modi  11  cations,  viz. : — 

CgH.Cl.CHj  C0H5.CH2CI, 

Chlorotoluene.  Benzyl  chloride, 

the  first  produced  by  the  action  of  chlorine  on  toluene  at  ordinaiy 
temperatures  or  in  presence  of  iodine  ;  the  second  by  the  action  of 
chlorine  on  boiling  toluene. 

Chlorotoluene  or  Tolyl  Chloride,  C(.H4<|q^  ^,  admits  of 

three  isomeric  modifications,  according  to  the  relative  posi- 
tions of  the  chlorine  and  the  raQthjl-gron^.—Parachlorotoluciie, 
CVCH3.H.H.CI.H2,  the  chief  product  formed  by  the  action  of 
chlorine  on  toluene  at  ordinary  temperatures,  is  a  liquid  solidifying 
at  0°,  melting  at  6-5°,  and  boiling  at  160°.  By  oxidation  with 
nitric  acid,  or  with  chromic  acid  mixtiire,  it  is  converted  into  para- 
chlorobenzoic  acid : 

C„H,iCl.CH3  +  O3  -  CoH4Cl.CO.,H  +  Hfi. 
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OrthocJilorotohisne,  Ce.CH3.Cl.H4,  produced  in  small  quantity,  to- 
gether with  the  para-compound,  is  a  liquid,  boiling  at  156°,  and 
completely  decomposed  by  chi-omic  acid,  without  formation  'of  a 
chlorobenzoic  acid.— Metachlorotohiene,  Ce.CH3.H.Cl.H3,  is  prepared 
from  chloroparatoluidine,  Cg.CHg.H.Cl.NHa.Hj,  by  exchange  of 
NH2  for  H,  and  converted  by  oxidation  into  nietachlorobe°nzoic 
acid. 

Benzyl  chloride,  CeH^.CHjCl,  obtained  by  the  action  of  chlo- 
rme  on  boiling  toluene,  and  of  PCI5  on  benzyl  alcohol,  CgHg.CHjGH, 
is  a  liquid  which  gives  off  tear-exciting  vapours,  and  boils  at  176°. 
It  easily  exchanges  its  chlorine-atom  by  double  decomposition, 
being  converted  into  acetate,  cyanide,  &c.,  by  treatment  with  the 
con-esponding  potassium  salts.  It  yields  benzoic  acid  by  oxidation, 
and  is  converted  by  heating  Avith  water  and  lead  nitrate  into  benz- 
aldehyde  (bitter  almond  oil). 

Of  dichloro toluene,  C^HgClg,  there  are  three  metamerides, 
viz. : 

CeH3Cl2.CH3  CeH^CLCH^Cl  CeHs.CHCla. 

Dichlorotoluene.  Clilorobenzyl  chloride.  Benzal  chloride. 

The  first  admits  of  six  isomeric  modifications,  but  only  one  is  known, 

viz.,  C6.CH3.H.CI.CI.H2,  which  is  a  liquid,  boiling  at  196°,  formed 
by  chlorination  of  toluene.— Chlorohenzijl  chloride  admits  of  three 
isomerides,  one  of  which  is  a  liquid  boiling  at  21Z°-214F.— Benzal 
chloride  (also  called  chlorobenzol)  is  formed  by  the  action  of  chlorine 
on  boiling  toluene,  and  from  benzaldehyde  (bitter  almond  oil)  by 
PCI..  Liquid  having  a  pungent  odour  ;  sp.  gr.  1-295  at  16°;  boils 
at  206°  ;  converted  into  benzaldehyde  by  heating  with  water  to  20°. 

Trichlorotoluenes,  C7H5CI3: 

CgH^CljCHj      C0H3CI2.CH2CI      CeH,Cl.CHCl2  CgIL,.Gl, 

6  Isomerides.  6  Isomerides.  3  Isomerides.  one. 

Trichlorotoluene,  C6H.,Cl3.CH3,  obtained  by  chlorination  of  toluene, 
forms  coloujless  crystals,  melts  at  76°,  boils  at  235°. — Dichlorobenzyl 
1  34 

chloride,  C8.(CH2C1).H.C1.C1.H2,  is  a  liquid  boiling  at  .—Chloro- 

benzal  chloride  (pa/ra.),  Co.(CHCl)2.H.H.Cl.H2,  boils  at  '2,M°.—Bcnzo- 
trichloride,  CflH^.d,,  formed  by  heating  benzoyl  chloride,  CflHg.COCl, 
with  PCI5,  boils  at  213°-214°. 

Of  the  higher  chlorotoluenes,  some  are  liquid,  some  solid,  at 
ordinary  temperatures.  The  melting  and  boiUnc'  points  of  the 
known  modifications  are  given  in  the  following  table: 

Tetrachlorotoluene,  C7H4CI4: 

CoHCl^.CH,  C„H2Cl3.CH2Cl  C„H3Cl2.CHCl2  CoII.Cl.CCl, 
ni.p.  91-92° ;  b.p.  271°.    liq.  b.p.  273°.         liq.  b.p.  257°.       liq.  b.p.  245°.' 
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Pentachlorotoluenes,  C7H3CI5: 

C(.Cl5.CH3         OaHCl^.CHaCl   CflH^Clg.CHCla  C0H3CI2.CCI3 
m.p.  218° ;  b.p.  301°.     liq.b.p.  296°.      liq.  b.p.  280°-281°.    liq.  b.p.  273°. 

Hexchlorotoluenes,  CyHgClg: 

C0CI5.CH2CI  C6HCl,.CHCl2  C0H2CI3.CCI3 

m.p.  103° ;  b.p.  325°-327°.    liq.  b.p.  305°-306°.      m.p.  82= ;  b.p.307°-S08°. 

Septachlorotoluenes,  CyHClj.: 

CcCl^.CHClg  CeHCl^.CClj 
m.p.  109° ;  b.p.  334°.  m.p.  104° ;  b.p.  316°. 

When  an  attempt  is  made  to  replace  the  last  hydrogen-atom  in 
toluene  by  chlorine,  the  molecule  splits  up,  andperchlorobenzene  is 
produced. 

Bromotoluenes.  — i»!fo7io-,  C^HyBr  =  C6H4Br.CH3.  — The 
ortho-  and  para-  modifications  are  formed  by  the  action  of  bromine 
on  toluidine  ;  and  all  the  three  modifications  from  the  corresponding 
amidotoluenes  (toluidines)  by  heating  the  diazoperbromides  with 
alcohol  (see  Diazo-compounds). 

Ortho-    Colourless  liquid:  sp.  gr.  1-401  at  18°  ;  b.  p.  182°-183°. 

Meta-    Colourless  liquid :  sp.  gr.  1-4009  at  21°  ;  b.  p.  184°. 

Para-    Colourless  crystals :  m.  p.  28-5°  ;  b.  p.  185°. 

Benzyl  bromide,  CgHg-CHgEr,  obtained  by  bromination  of  toluene 
at  the  boiling  heat,  and  by  the  action  of  hydrobromie  acid  on 
benzyl  alcohol,  is  a  liquid  which  gives  off  a  tear-exciting  vapour, 
has  a  sp.  gr.  of  1-438  at  22°,  and  boils  at  201°. 

Dibromotoluene,  C7H3Br2.CH3,  admits  of  six  isomeric  modifica- 
tions, all  of  which  are  known.  Cg.CHj.Br.H.Br.Hj  (1:2:  4),  obtaiued 
by  direct  bromination  of  toluene,  crystallises  rnneedles  ;  melts  at 
107°-iq8°  ;  boils  at  245°.  C6.CH3.H.Br.Br.H2  (1:3:  4),  formed  by 
the  action  of  bromine  in  presence  of  iodine,  and  in  sunshine,  is  a 
liquid  boiling  at  240°.  The  other  four  modifications,  whose  boUing 
points  lie  between  237°  and  246°,  two  liqviid  and  two  solid  (m.  p. 
42-5°  and  60°),  are  obtained  fi-om  bromotoluidines,  thi-ough  the 
medium  of  the  diazo- compounds. 

Benzal  bromide,  CpHg.CHBrj,  formed  by  treating  bitter  almond  oil 
with  PBr^,  is  a  liquid  which  decomposes  when  distilled. 

Monoiodotoluenes,  CgHJ.CHg.— The  ort/io- and  TO<;<rt-niodi- 
fi  cations  are  colourless  liquids,  the  former  boiling  at  205°,  the  latter 
at  207°.  Para-iodotoluene  crystallises  in  shining  laminas ;  melts  at 
•35°  ;  boUs  at  211°.  All  three  give  by  oxidation  the  corresponding 
iodobenzoic  acids. 

Benzyl  iodide,  CgHg.CHgl,  formed  from  the  chloride  by  the  action 
oi  hydi-iodic  acid,  melts  at  24°,  and  decomposes  when  sublimed. 
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Derivatives  of  the  Hydrocarhons,  CgHj^. 

Ethylbromobenzene,  CyH^Br.CjH,;,  formed  by  the  action  of 
bromine  on  ethyl-benzene  at  ordinary  temperatures,  is  a  colourless 
liquid,  boiling  at  190°. — Bromcthyl-benzene,  CcHj.CHBr.CHg  (or 
CgHj.CHj.CHBr),  and  the  corresponding  chloride,  formed  by  the 
action  of  bromine  or  chlorine  with  aid  of  heat,  are  liquids  which 
decompose  wlien  distilled.  The  chloride,  boiled  with  potassium 
cyanide  and  alcohol,  is  converted  into  the  corresponding  cyanide, 
C„H3.CH2.CH2(CN),  a  colourless  liquid,  boiling  at  261°  having  a 
sp.  gr.  of  l'00i4  at  18°,  and  forming  the  chief  constituent  of  oil  of 
water-cress. 

CH 

Metaxylyl  Chloride,  CgH4<[Qjj^Q|,  obtained  by  the  action 
of  chlorine  on  boiling  metaxylene,  is  a  colourless  liquid,  boiling  at 

Monobromometaxylene,  Co.Br.CHg.H.CHg.Ha,  from  metaxy- 
lene and  bromine,  boils  at  204°-205°.— An  isomeric  compound 
(1:3:5),  formed  by  the  action  of  nitrous  acid  and  alcohol  on 

1  bromometaxylidine,  is  a  liquid  boiling  at  204°  not  solidifying  at 

:  20°,  and  having  sp.  gr.  of  1-362  at  20°. 

Dibromometaxylene,  CeH2Br2(CH3)„,  from  metaxylene  and 
1  bromme,  iorms  colourless  shining  crystalline  scales,  m.  p.  72°,  b.  p. 
:  256°.  Tetrabromometaxylene,  CeBv^{GIls)„  forms  long  slender  needles, 
•  slightly  soluble  in  alcohol,  melting  at  241°. 

Bromoparaxylene,    CcH3Br(CH3)2,  forms   colourless  shining 
>  tables  ;  melts  at  10°  ;  boils  at  200°.    Dibromoparaxylene  melta  at 
72  ,  and  resembles  the  meta-compound  in  all  other  res]3ects. 

n  chloride,  C(.H4(CH2C1)2,  and  Tollylene  bromide, 

^et^^{Ltl2BT)2,  formed  by  the  action  of  chlorine  or  bromine  on 
boibng  paraxylene,  crystallise  in  colourles  lamiuEe.  The  chloride 
'melts  at  100°,  and  boiLs,  with  partial  decomposition,  at  240°-250^; 
I  the  bromide  melts  at  145°-147°.  Both  compounds,  when  treated 
'With  potassium  cyanide  in  alcoholic  solution,  yield  tollylene 
cyanide,  CgH,  (CH2.CN)2. 


CYANOGEN-DERIVATIVES. 


Cyanobenzene,  C'oHs.CN  (Benzonitril,  Phenyl  Cyanide),  is 
lormed,  like  the  nitrils  of  the  fatty  group  (p.  92),  by  dehydration  of 
ammonium  l;enzoate,  C^H.Oa.NH^,  and  by  distilling  the  potassium 
^|^^J^*^benzenesulphonic  acid  with  potassium  cyanide  (or  the  dry 

C0H6.SO3K  H-  KCN  =  SO3K2  -f  C0H5CN; 


442 


BENZENE  GROUP  :  NITRO-DEBIVATIVES. 


also  by  heating  phenyl  isocyanide  with  metallic  copper,  and  by  other  ■ 
reactions.    It  is  an  oily  liquid,  smelling  like  bitter  almond  oil, 
having  a  density  of  1"023  at  0°,  and  boiling  at  191°.    It  unites  with 
the  halogen-elements,  the  haloid  acids,  and  hydrogen. 

Substituted  benzonitrUs  are  obtained  by  dehydration  of  substi- 
tuted benzamides,  e.g.,  CeH4Br.CN  by  the  action  of  phosphoric 
anhydride  on  bromobenzamide,  CgH4Br.CONH2. 

Phenyl   Isocyanide  or  Phenyl-carbamine,  C=N — CgHg,  , 
isomeric  with  benzonitrU,  is  formed  by  distilling  aniline  \vitli 
chloroform  and  alcoholic  potash : 

CoH-.NHs  +  CHCI3  =  3HC1  +  CgH,— N=C. 

It  is  a  liquid  having  a  strong  smell  of  prussic  acid,  and  boiling,  with  1 
partial  decomposition,  at  167°.  It  is  dichroic ;  blue  by  reflected, , 
green  by  transmitted  light.  It  is  not  altered  by  alkalis,  but  acids  ' 
convert  it  into  aniline  and  formic  acid.  Heated  to  200°  it  changes  ■ 
to  benzonitrU. 

Cyanotoluene,  CgH.(CN).CH3.  Toluonitril. — The  three  iso-- 
meric  modifications  of  this  compound  are  formed  by  treating  the ! 

(  CS 

respective  tolyl-sulphocarbimides,  ^  j  q  jj  qjj  with  finely  divided  I 

copper,  which  removes  the  sulphur,  or  by  distilUug  the  potassiirm  1 
salts  of  the  corresponding  toluenesulphonic  acids  with  potassium  1 
cyanide : 

^«^4<S03k  +  CJNK  =  SO3K2  +  C«H4<gg3. 

Ortlio. — Colourless  liquid,  smelling  like  nitrobenzene,  boiling  at  I 
203°-204°.  Para.— Colourless  needles,  melting  at  28-5°;  boiling  at! 
218°.    ilfeics.— Not  yet  obtained  in  the  pure  state. 

Benzyl  Cyanide,  C(.H5.CH2.CN,  constitutes  the  principal  part' 
of  the  volatile  oils  of  the  garden  uastm-tium  {Tropwolum  majus),  and; 
of  the  garden  cress  {Lepidium  sativum),  and  is  produced  artificially  1 
by  heating  benzyl  chloride  with  alcohol  and  potassium  cj^anide.  ^ 
Colourless  liquid  boiling  at  232";  specific  gravity  1-0146  at  18°. 


NITRO-DERIVATIVES. 

These  bodies  are  easilj'^  formed  by  the  action  of  concentrated  or  ■ 
fuming  nitric  acid  on  benzene  and  its  homologues,  the  substitution  1 
of  the  N02-group  for  hydi'ogen  taking  place  in  the  benzene-  -j 
nucleus,  never  in  the  lateral  chains ;  e.g., 

C0H5.CH3  +   NO3H   =   CbH4(N02).CH3  +  H2O. 

On  pouring  the  product  into  water,  the  nitro-compound  separates 
out,  generally  in  the  form  of  a  thick  yellow  or  orange-coloured  oil. 


I 


NITROBENZENES. 
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Tlie  more  liiglily  nitrated  derivatives  are  most  easily  obtained  by 
the  action  of  a  mixture  of  1  part  of  strong  nitric  acid  and  2  parts 
of  strong  sulphuric  acid. 

Tlie  aromatic  nitro-compounds  are  mostly  of  a  yellow  colour ;  a 
iew  are  liquid,  the  rest  crystalline  solids.  By  hydrogen  sulphide  or 
ammonium  sulphide,  and  by  stannous  chloride,  they  are  reduced  to 
amido-compounds ;  by  sodium-amalgam,  or  by  heating  with  alco- 
holic potash,  to  azo-compounds  (p.  465).  They  may  also  be  converted 
into  amido-compounds  by  heating  with  hydriodic  acid : 

CeHg.NO^  +  6HI  =  C6H5NH2  +  SH^O  +  31,. 
Nitrobenzene.  Aniline. 

Nitrobenzenes. — Mononitrobenzene,  CgHg(N02),  formed 
by  gradually  addmg  benzene  to  strong  nitric  acid  in  a  cooled 
vessel,  is  a  light  yellow  liquid,  having  an  aromatic  odour,  boiling 
at  220°,  solidifying  at  -1-3°.    Sp.  gr.  1-20  at  0. 

Dinitro benzenes,  CgH^(N02)2.— The  three  modifications  are 
formed  together  by  dropping  benzene  into  a  mixture  of  2  vols, 
strong  sulphuric  and  1  vol.  very  strong  nitric  acid;  and  on  crystal- 
lising the  product  from  alcohol,  the  meta-  compound,  which  con- 
stitutes by  far  the  largest  portion,  separates  out,  while  the  other 
two  remain  in  solution. 

The  ortJio-  compound,  which  forms  the  smallest  portion  of  the 
product,  crystallises  from  hot  water  in  long  needles,  melting  at 
118°,  soluble  in  26  parts  of  alcohol  at  24°,  and  in  3  parts  of  boiling 
alcohol. 

The  meia-compoimd  (ordinary  dinitrobenzene),  forms  long  rhom- 
bic prisms  melting  at  89-8",  soluble  in  17  parts  of  alcohol  at  24°,  and 
in  all  proportions  of  boiling  alcohol. 

The  2)ara-compound  forms  fan-shaped  groups  of  monocUnic 
prisms,  melting  at  171°-172°,  sparingly  soluble  in  alcohoL 

Trinitrobenzene,  CflH3(N02)3,  formed  by  heating  metadinitro- 
benzene  with  a  mixture  of  pyrosulphuric  acid  (i.  212)  and  very 
strong  nitric  acid  in  sealed  tubes,  to  130°-140°,  crystallises  from 
alcohol  m  white  lamina  or  fern-like  groups  of  needles.  It  melts 
at  121°-122°,  dissolves  sparingly  in  cold  alcohol,  easily  in  hot 
alcohol  and  in  ether. 

Nitro-haloid  Derivatives  of  Benzene. — The  action  of  nitric 
acid,  or  a  mixture  of  nitric  and  sulphuric  acids,  on  the  chloro-, 
brouio-,  and  iodo-benzenes,  gives  rise  to  para-  and  ortho-mononitro- 
derivatives  of  the  haloid  compounds,  the  former  being  always  pro- 
duced in  greatest  abundance.  The  same  products  are  obtained  Irora 
the  corresponding  nitranilines,  C0H4.NO2.NPI2,  by  exchange  of  the 
NHj  for  01,  Br,  or  I,  through  the  medium  of  the  diazo-compounds. 
The  meta-compounds  are  obtained  in  like  manner  from  rnetanitra- 
nuine;  metanitrochlorobenzene  also  by  passing  chlorine  into  nitro- 
benzene mixed  with  iodine,  or  better  with  SbCij. 
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The  following  are  the  melting  and  boiling  points  of  the  isomeric 
mononitro-  chloro-,  bromo-,  and  iodu-benzenes,  CgHjX(N02) : 

Melting  Points.  Boiling  Points. 

(1:2)    (1:3)       (1:4)  (1:2)         (1:3)  (1:4) 

CeH^ClCNOa)     32-5°    44-4°     83°  243"     233°  242° 

CgH4Br(N02)    41-5°    56°      126°  261°     256-5°  255-56 

C6HJ(N02)      49-4°    36°      171°  ...  280° 

These  numbers  show  that  the  para-derivatives  have  the  highest 
melting  points,  and  the  ortho-derivatives  for  the  most  part  the 
lowest ;  the  relations  between  the  boiling  points  are  less  regular. 
The  ortho-  and  para-compounds,  heated  in  sealed  tubes  with 
aqueous  potash,  are  converted  into  the  corresponding  phenols, 
CgH^CLOH,  &c.,  whereas  the  meta^compounds  do  not  exhibit  this 
transformation. 

Nitrodichloro-  and  Nitrodibromobenzenes,  CgH3Cl2(N02), 
and  CgH3Br2(N02).— These  compounds  are  all  crystalline,  and  melt 
at  the  temperatui-es  shown  in  the  following  table : 

CeH3Cl2(N02)  C6H3Br2(N02) 


1:2:4*.  ,  .  32'2° 

1:2:5.  .  .  55° 

1:3:5.  .  .  65-4° 

1:3:4.  .  .  43° 


1:2:4.  .  .  61-6° 

1:2:5.  .  .  85-4° 

1:3:5.  .  .  104-5° 

1:3:4.  .  .  58-6° 

1:2:6.  .  .  82-6° 

Dinitroclilorohenzene,  Ce.Cl.N02.H.N02.H2,  formed  by  treating 
either  (1  :  2)  or  (1  ;  4)  chlorobenzene  with  a  mixture  of  nitric  and 
sulphuric  acids,  and  from  the  corresponding  dinitrophenol, 
CcH3(N 02)3.0H,  by  the  action  of  PCI5,  crystallises  in  prisms  melting 
at  53-4°.  CeCl.H.N02.N02.H2,  formed  in  like  manner  from  (1  :  .3) 
nitrochlorobenzene,  exhibits  dimorphous  modifications  having  dif- 
ferent melting  points  (36-3°-38-8°). 

Dinitrobromohenzene,  C8H3Br(N02)„  is  known  in  two  modifi- 
cations analogous  to  the  chlorine-compounds  just  described,  and 
obtained  m  like  manner.  Both  are  crystalline;  (1:2:4)  melts  at 
75-3°  ;(1  :3:4)  at  59-4°. 

Dinitroiodobennenc,  Ce.I.NOj.H.NOo.Ha,  from  para-  andortho- 
lodonitrobenzene  with  nitrosulphuric  acid^  forms  large  yellow,  trans- 
parent plates  or  prisms,  melting  at  88-5°. 

Another  modification,  C0.I.NO2.H.H.H.NO2,  formed  simultane- 
ously with  the  last,  crystallises  in  transparent  orange-coloured 
rhombic  tables,  melting  at  113-7° 

Trinitrochlorobenzene,  Ce.Cl.N02.H.NO.,H.N02  (Picryl  chlo- 
ride), from  picric  acid,  CoH2(N02)3.0H  with'  PCI,,  forms  needles 
melting  at  83°.  and  like  picric  acid,  forms  crystalline  compomids 
with  many  hydrocarbons. 

*  NOo  in  the  position  1,  in  all  the  formulse. 
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Nitrotoliienes.— P«ra-  and  orthonitrotoluene,  CgHiNO.)  CH 
are  formed  by  treating  toluene  with  fuming  nitric  acid,  and  may  be 
separated  by  fractional  distillation.    The  former  crystallises  in 
nearly  colourless  prisms,  melts  at  54"  and  boils  at  236°.    The  latter 
us  a  yellowish  liquid  boiling  at  222°-223°. 

Metanitrotolume,  obtained  by  the  action  of  nitrous  acid  and 
alrahol  on  metanitroparatoluidine,  Cg.CHg.H.NOj.NHo.Ho,  is  crys- 
tallme,  melts  at  16°,  and  boils  at  230°-23r. 

Dinitrotoluene,  CB.CHg.NO^.H.NOj.Ha,  formed  by  treating 
toluene,  or  ortho-  or  para-nitrotoluene  with  nitro-sulphuric  acid 
.  rystallises  in  long  colourless  needles,  melting  at  70'5°.  Another 
iwdification,  obtained  in  like  manner  from  metanitrotoluene,  melts 


1 

ut  60 


Trinitrotoluene,  C6H2(N02)3.CH3,  obtained  by  prolonged 
lieating  ot  a  solution  of  toluene  in  nitrosulphuric  acid,  forms 
nearly  colourless  needles,  slightly  soluble  in  alcohol,  meltina 
iit  82  .  ° 

Nitro-ethyl-benzenes,  C8H,(N02)-C2Hs  (ortho-  and  para-), 
are  formed  simultaneously  by  the  action  of  fuming  nitric  acid  on 
ethyl-benzene.    Both  are  liquid,  the  former  boiling  at  227°-228° 
the  latter  at  245°-246°.     With  tin  and  hydrochloric  acid,  they 

r '  u  /  W^N^Jt,  T^^^?^'   ""'^   of  viz.,  paramido-ethylbenzene, 

t,jJl^(JNH2).C2H„  IS  also  produced  by  heating  the  hydrochloride  of 
ethylamline  to  300°-330°.  ^  o  j 

Nitroparaxylene,  CeH3(N02)(CH.,)2,  is  a  pale  yellow  liquid 
which  boils  at  234°-237°,  and  does  not  solidify  in  a  freezing  mixture 
-Dimtroparaxylene,  CoH2(NH2)2(CH3)2.  Two  modifications  of  this 
compound  are  formed  simultaneously  by  the  action  of  fumino-  nitric 
acid  on  paraxylene,  the  less  soluble  in  alcohol  of  the  two  formin<^ 
long  thin  needles  melting  at  123-5°,  while  the  other,  which  is 
more  soluble  m  alcohol,  forms  large  monoclinic  crystals  melting 

Trinitroparaxylene  C,Ti(NO,Um^^^  forms  long,  colourless 
SaTc'ohol  "^''^  moderately  soluble  in  hot,  sparingly  in 

Nitromesitylene,  CoH2(N02)(CH3)3,  forms  nearly  colourless 
prisms,  easily  soluble  m  alcohol,  melts  at  42°,  boils  at  255°.- 
DimtroTnesitylene,  CoH(N02)2(CPl3)3.  Slender,  colourless,  brilliant 
needles,  melting  at  86°.  Trinitromesitykne,  C„(NO„),(CH,),. 
Needles  veiy  slightly  soluble  in  alcohol,  melting  at  232°. 

Nitropseudocumene,  C„H„(N02),  forms  long  needles,  easily 
soluble  m  hot  alcohol,  melts  at  71°,  boils  at  265°.— Trinitropseudo- 
cumene,  LgH^^NO^y^.    Coloiuless,  quadratic  prisms,  melting  at  186° 
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AMrDO-DERIVATIVES. 

The  replacement  of  hydrogen  by  NHg  in  the  hydrocarhons 
homologous  with  henzene,  gives  rise  to  two  series  of  metamenc 
compounds,  analogous  to  the  haloid  and  mtro-derivatives  above 
described  :  thus,  from  toluene,  O0H5.CH3,  are  derived: 

CVH,(NH2).CH3  C8Hj.CH2(NH2)  ; 

Toluidine.  Benzylamine. 
and  from  xylene,  CqH.^{CB.2)2  '■ 

CoH3(NH,).(CH3),  CeH,<(.jj3^^jj^) 

Xylidine.  Xylylau.ine. 

These  compounds  are  all  of  basic  character  ;  but  those  in  which 
the  NH2  is  situated  in  the  lateral  chains  are  stronger  bases  than  their 
metanierides  containing  this  group  in  the  principal  chain,  and  are 
analogous  in  their  properties  and  their  mode  of  formation  to  the 
amines  of  the  fatty  group  ;  thus  benzylamine,  which  may  be  repre- 
sented by  the  fonnula  NHaCCyHy),  derived  from  ammonia  by  substi- 
tution of  benzyl,  CyHy,  for  hydrogen,  is  formed,  together  with 
dibenzylamine,  NH(C7Hy)2,  and  tribenzylamine,  ]S[(C-Hj)3,  by 
heating  benzyl  chloride  with  ammonia,  just  as  ethylamine  is  formed 
from  the  chloride,  bromide,  or  iodide  of  ethyl.  Toluidine  and  its 
homologues,  on  the  other  hand,  are  produced  chiefly  by  the  action  of 
reducing  agents  on  the  nitro-derivatives  ;  and  amidobenzene,  aniline, 
or  phenylamine,  CgHg— NHg,  which  may  be  regarded  as  the  fii-st  term 
of  either  series,  is  formed  for  the  most  part  in  the  same  manner. 
The  reduction  of  the  nitro-derivatives  is  eflected : 

1.  By  the  action  of  ammonium  sulphide  in  alcoholic  solution: 

CeH^.NOa  +  SH^S  =  C6H5.NH2  +  2H2O  +  3S. 
In  the  application  of  this  method  to  di-  and  tri-nitro-compounds, 
only  one  nitro-group  is  reduced  in  the  fii'st  instance,  so  that  nitro- 

NO 

amido  compounds  are  obtained,  such  as  Cell^  ^Cjsrjj^  • 

2.  By  the  action  of  zinc  or  tin  and  hydrochloric  acid,  or  of  iron 
filings  and  acetic  acid.  In  these  cases,  the  reduction  may  be  sup- 
posed to  be  efl'ected  by  nascent  hydrogen  : 

CeHg.NOg  +  3H2  =  CgHs-NHg  -1-  2HoO;- 
in  the  case  of  iron  and  acetic  acid,  also  through  the  intervention  of 
the  ferrous  salt  formed  in  the  first  instance  : 

CeH^.NOa  -l-  6FeO  +  K^O  =  CA-NHg  +  SFe^Os, 
and  in  that  of  tin  and  hydi-ochloric  acid,  through  the  intervention 
of  stannous  chloride : 

C„H5.N02  +  3Sn  +  6HC1  =  CoH,.NH2  +  3SnC\,  +  2Efi 
and 

CoH,.NO„  +  3SnCl2  -I-  6HC1  =  CeH,.NH2  +  SSnCl^  +  SHgO. 


ANILINE. 
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To  effect  this  last  reaction,  the  nitro-compouncl  is  drenched  with 
funiiiiR  hydrochloric  acid,  and  the  calculated  quantity  of  "ranulated 
tin  IS  gradually  added.  The  action  usually  begins  afte?  a  Avhile 
without  application  of  heat,  the  tin  and  the  nitro- compound  dis' 
solving.  From  the  warm  solution,  whicli  contains  a  double  salt 
consisting  of  the  hydrochloride  of  the  resulting  base  combined  with 
stannic  chloride,  e  g  (C«H,.NH,.HCl),.SnCl„  tlie  tin  is  precipitated 
by  hydi-ogen  sulphide,  and  the  stannic  sulphide  is  separated  by  filtra- 
tion lea  nng  the  hydrochloride  of  the  amido-compound  in  solution 

VVJien  a  di-  or  a  tri-mtro-compound  is  thus  treated,  all  the  nitro- 
groups  are  usually  reduced  at  once  :  hence  this  process  is  especiallv 
applicable  to  the  preparation  of  di-  and  tri-amido-derivatives  If 
however,  only  half  the  calculated  ciuantity  of  tin  be  added,  a  p'artial 
reduction  may  be  effected,  and  nitro-amido-compounds  obtained 


Amidobenzenes. 


Anilme,   CgH^N  =  C,TI,.]^1I^- PMenylamine. -This  ha^e 
which  IS  now  prepared  m  enormous  quantities  for  the  manufacture 
.  of  colourmg  matters  was  discovered  in  1826  by  Unverdorben  S^o 
.  obtained  it  by  the  dry  distillation  of  indigo.    Fritzsche,  in  1841 
fouud  that  It  might  be  obtained  by  boiling  indigo  with  potash  let  ' 
pd  Zinin,  about  the  same  time,  fntroduced  thermit! 
mg  It  by  recluction  of  nitrobenzene  with  ammonium  sulphSe -a 
process  which,  as  abeady  observed,  is  very  generally  applicable  to 
■■  the  preparation  of  organic  bases.  '^ppii'^auie  to 

To  prepare  aniline  in  this  way,  an  alcohoKc  solution  of  nitro- 
benzene  is  mixed  with  ammonia,  and  gaseous  hydrogen  sulpWde  ?s 
passed  into  the  hquid  as  long  as  sulphur  continues  to  b"e  preci{,Sed 

■  the  reaction  IS  greatly  accelerated  by  warming  the  Ltdd     T  e 

■  so  11  ion  IS  then  mixed  with  excess  of  acid,  filtered  to  semrate  t l  e 
sulphiir  boiled  to  expel  alcohol  and  excess  of  nitrobenzene  and 

1  then  distilled  with  excess  of  potash  i-i^uunzcne,  anci 

'  wiSr  fe^us^aceTS'  '  N^""'/'  P^'PT*^  '''^'''^S  nitrobenzene 
t  ni  mrn  inrl"  1  N^^^'^'l^^ene  (1  part)  is  heated  mth  iron 

K  ^^'i.gl^cml  acetic  acid  1  part),  and  the  solid  product 

steSn  On'i^  m;xed  with  lime,  and  distilled  with  superheated 
wUh  h-n  or,  1  t 'T^'^T'^''  ^^''^^^  "^^^ts  are  obtained  by  reduction 
nricei  mnv  ^^^^^f  ^'^'^^  The  product  obtained  by  either 
thk  «nl  ^  ^   'i  converting  it  into  oxalate,  crystallising 

this  salt  severa  tunes  from  alcohol,  and  decomposing  it  ^yitil  potash 
chloridp  nn!f  f  P^f  "fed  by  heating  phenol  with  ammonium 
abouUWrt;\ou"s:^  hydrochloric  acid  in  sealed  tubes  to  315°  for 

CgHj.OH  -I-  NHj  =  CflH5.NH2  +  H^O ; 

'  SlS'  H  destructive  distillation  of  nitrogenous 

organic  matters,  and  is  one  of  the  constituents  of  coal-tar  oil. 
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Aniline  is  a  colourless  oily  liquid,  having  a  faint  peculiar  odoiir, 
a  density  of  1-036  at  0°,  and  boiling  at  184-5°.  When  quite  pure 
it  solidifies  at  low  temperatures,  and  melts  at  -8°.  It  dissolves  but 
sparingly  in  water  (in  31  parts  at  12°),  easily  in  alcohol  and  ether. 
When  exposed  to  the  air  it  turns  brown  and  gradually  resmises. 
Its  aqueous  solution,  mixed  with  chloride  of  lime,  assumes  a  purple- 
violet  colour.  Its  solution  in  strong  sulphuric  acid  acquires,  on 
addition  of  a  few  drops  of  aqueous  potassium  dichromate,  tirst  a  red, 
then  a  deep  blue  colour.  A  deal  shaving  dipped  into  aniliae  is 
coloured  yellow. 

Aniline  is  a  strong  base,  uniting  directly  with  acids  and  with 
certain  salts,  forming,  for  example,  the  compounds  (CoH7N)2.SuCl2 
and  (CeH7N),.CuS04.  —  The  hydrochloride,  OeHjN.HCl,  forms 
needles  very  soluble  in  water  and  in  alcohol,  subliming  without 
decomposition.  Its  alcoholic  solution,  mixed  with  platinic  chloride, 
deposits  the  ■platinocMoride,  (C6HjN.HCl)2.PtCl4,  in  yeUow  needles. 
The  nitrate,  C0H7N.NO3H,  crystallises  in  large  rhombic  tables;  the 
oxalate,  {QaYL.;n\Gf>^B.^,  separates  from  a  mixture  of  the  alcoholic 
solutions  of  aniline  and  oxaUc  acid,  in  rhombic  prisms. 


SUBSTITUTION-PRODUCTS  OF  ANILINE. 

1.  Halogen-Derivatives. — These  compounds  are  formed  : 
(1.)  By  the  action  of  halogen-elements  on  aniline,  bromine  and 
chlorine  forming  di-  or  tri-derivatives,  iodine  giving  rise  to  para- 
iodaniline.  The  monochlor-  and  mono-bromanibnes  (para)  are  ob- 
tained by  the  action  of  clilorine  and  bromine,  in  vapom-  or  in  aqueous 
solution,  on  acetanilide,  C6H6.NH(C2H30),  suspended  in  water. 

(2.)  By  reduction  of  the  nitrochloro-,  nitrobromo-  or  nitroiodo- 
benzenes  with  ammonium  sulphide,  or  -^vith  tin  and  hydi-ochloric 
acid,   CgH^CKNOa),   for    example,  being  thus    converted  into 

(3.)  From  the  nitranilines  by  substitution  of  CI,  Br,  or  I  for 
NH2  (through  the  medium  of  the  diazo-compounds),  and  of  NHj 

for  NO2  by  the  action  of  reducing  agents,  CeH4<^^2  for  example 

NO 

from  C(.H4<-^jj2  . 

By  the  entrance  of  halogen-elements  (also  of  the  nitro-group) 
into  the  molecule,  the  basic  properties  of  aniline  are  weakened. 
The  monoderivatives  are  weak  bases ;  the  di-derivatives  form,  for 
the  most  part,  very  unstable  salts  which  are  decomposed  even  by 
water;  and  the  tri-derivatives  are  mostly  destitute  of  basic  pro- 
perties, though  the  orientation  of  the  substituted  radicles  has  some 
influence  in  this  respect.  In  the  mono-derivatives,  the  ortho-com- 
pounds are  less  basic  than  the  meta-  and  para-compounds. 

The  following  table  exhibits  the  modes  of  formation  and  the  chiel 
physical  properties  of  the  halogen-derivatives  of  aniline : 


HALOGEN-DERIVATIVES  OF  ANILINE, 
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iiloranilines. 

0-  CgltiCUNH.,) 
Who  (1:2) 
eta  (1:3) 
jra  (1:4) 
.CaHaCIj  (NHj) 
1:2:4* 


1:2:5 
1:3:5 
1:3:4 

C8H2Cl3(NH2) 

1:2:4:6 
1:2:4:5 

nmanilines. 

l)-C6HjBr(NH2) 
itho  (1 : 2) 


:ta  (1:3) 
ira  (1:4) 


C8HaBr,(NE2) 
1:2:4 


1:2:5 

1:3:5 
1:3:4 


li2:4:6 


1:3:4:5 

-  CenBr4(NH,) 
1:2:3:4:6 


'-CjBraCNHj) 
idanilines. 

CoH.,I.NH2(l:3) 
(1:4) 


Formation. 


from  1 :  2  CoH4Cl(NOo) 
1:3  „  " 

1:4 

from  dicliloracetanilide 
and  dichlorisatiii  by 
potash 

from  1:2:5  C6H4Cl2(NO^) 
,.  1;3;5 
„  1:3:4 

from  aniline  with  CI,  host 

in  acetic  acid  solution 
from  C6H2Cl3(N02) 


from  1  :  2  CsHjBrCNOj) 


„  1:3 
•„  1:4 


from  aniline  with  Br: 
from  dibromacetanilide 
with  alkalis;  from 
1:2:6,  C„H3Br2(N02), 
by  reduction ;  from 
CGH5NO2,  by  heating 
with  cone.  HBr  to 
185°-190°  (together  with 
mono-  and  tribromani- 
line),and  by  distilling  di- 
bromisatin  with  potash. 

from  1:2:5  CaTJsBTiCSO^) 

,,1:3:5 
,.1:3:4 


from  aniline,  para-,  and 
ortho-bromanlline,  with 
excess  of  Br,  and  by 
reduction  of  1:2:4:6 
C„H2Br3(N02) 

from  1:3:4:5 
CeHjBraCNOj) 

from  1  :  3  bromanilino 
and  1:2:5  di-biom- 
anlllne  with  excess  of 
bromine 

from  1:3:5  di-bromani- 
lino  with  Br 

from  1  :  3  Cori.,I(N02) 
.,1:4 


Physical  character  at 
ordinary  temperatures. 


Liquid :  sp.  gr.  1-2338  at  0° 
Liquid  ;  sp.  gr,  1-2432  at  0° 
Rhombic  crystals 

Flat  flexible  needles 


Colourless  needles 
Long  needles 
Crystalline 

Long  colourless  needles : 

non-basic 
Colourless  needles 


in  water,  very  sol.  in 

alcohol 
Crystalline  mass 
Large   rhombic  crystals, 

lookhig    like  regular 

octohedrons 


Colourless  shining  needles 


Warty  groups  of  silky 
prisms 

White  needles 

Colourless  needles;  this 
and  1:3:5  are  more 
basic  than  the  two  for- 
mer 

Long  colourless  needles : 
nou-basie 


Crystalline : 
acids 


unites  with 


Fine  long  silky  needles 


Large  needles 


Silvery  laminm 
Colourless  needles 


Melting 

Boiling 

Point. 

Point. 

°  1/1° 

207 

230° 

70^1° 

230-231° 

63° 

245° 

50° 

50-5° 

71-5° 

272" 

77-5° 

260* 

96-5 

270° 

01  -CO 

18-18-5° 

251° 

64° 

Decomposed 

by  distillation 

into  aniline. 

X  .  Z  .  t  til-, 

andl  :2  :4:6 

tri-brom- 

79-5° 

aniline. 

51-52° 

56-4° 

80-4° 

119-6 

Does  not 

130° 

115-3° 

Does  not 

mult  at 

222° 

25° 

60° 

rOWNES. — VOL.  II. 


♦  NII2  In  position  1  througliout. 


2  F 
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BENZENE  GROUP  :  AMIDO-DERIVATIVES. 


2.  Nitro-derivatives. 

Mononitranilines,  CgH4(N02).NH2. — The  three  isomeric  deriva- 
tives are  formed  by  imperfect  reduction  of  the  dinitrobenzenes 
(p.  443),  best  by  passing  hydrogen  sulphide  into  the  alcoholic  solu- 
tion of  the  nitro-compound,  mixed  with  a  little  concentrated 
ammonia : 

CeH,<gg2  +  3H2S   =  CeH,<^g2  +  2H2O  +  3S . 

The  ortho-  and  para-derivatives  are  also  formed  by  the  action  of 
alkalis  on  the  corresponding  nitro-acetaniUdes,  CgHi5.NH(C2H30), 
and  by  prolonged  heating  of  ortho-  and  para-nitrobromobenzene,  or 
of  the  methylic  ether  of  ortho-  or  para-nitrophenol,  with  aqueous  or 
alcoholic  ammonia  to  180-200° : 

C6H4(N02)Br     -1-  NH3  =      HBr    +  CeH,(N02)(NH2). 

CcH^(N02)(OCH3)  +  NH3  =  HOCH3  +  C8H4(N02)(NH2). 

Nitranisol.  Methyl  Nitraniline. 

alcohol. 

Ortho-nitranilme  forms  long,  dark  yellow  needles,  melting  at  71  "5°, 
more  soluble  in  water  and  in  alcohol  than  the  other  two  modifica- 
tions. Meta — Long  yellow  prisms,  melting  at  109°,  slightly  soluble 
in  water,  freely  in  alcohol.  Para — Orange-coloured  needles  or 
tables,  melting  at  146°,  nearly  insoluble  in  water,  easily  soluble  in 
alcohol. 

Dinitranilines,  CgH3(N02)2NH2. — The  unsymmetrical  modifica- 
tion 1:2:4  (NHj  in  1),  is  forme'd  by  heating  the  corresponding 
dinitro-,  chloro-,  bromo-,  or  iodo-benzene,  or  the  methylic  ether  of 
(1:2:4)  dinitrophenol  with  alcoholic  ammonia,  or  dinitro-acet- 
anilide  with  potash-ley.  It  crystallises  in  light  yeUow  prisms, 
melting  at  182°-183°;  does  not  combine  with  acids.  By  exchange 
of  NH2  for  H  it  is  converted  hito  meta-dinitrobenzene. 

Consecutive  Dinitraniline  (1:2: 6),  from  the  corresponding 
dinitro-iodobenzene  or  methyl-dinitrophenol, forms  long,  dark  yellow 
needles,  melting  at  138°,  sparingly  soluble  even  in  hot  alcohol. 

Trinitraniline,  CeH2(N02)3.NH2  (1:2:4:6)  (Picramide),  is 
formed  by  the  action  of  alcoholic  ammonia  on  triuitrochloroben- 
zene,  CB.CI.NO2.H  .NO2H.NO2  (p.  444),  or  on  the  ethylic  or  methylic 
ether  of  picric  acid.  It  crystallises  from  alcohol  in  orange-red 
needles  ;  from  glacial  acetic  acid  in  large  monoclinic  tables ;  melts 
at  186°.  By  heating  with  alkaUs  it  is  converted  into  a  salt  of  picric 
acid : 

CoH2(N03)3.NH2  +  KOH  =  NH3  -f-  C6H2(N02)30K . 

Chloro-  and  Bromo-nitranilines,  of  which  numerous  modi- 
fications are  known,  are  obtained  by  heating  nitrodichloro-  and 
nitrodibromo-benzenes  with  alcoholic  ammonia  ;  by  treating  chlor- 
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and  brom-acetanilides  with  nitric  acid,  and  decomposing  the  re.sult- 
ing  nitro-compoimds  with  alkalis ;  and  by  passing  chlorine  "as  or 
bromine  vapour  into  the  solution  of  the  three  nitranilines  in  hydro- 
chloric acid. 

Diamidobenzenes  or  Phenylenediamines,  CoH/NHA 
—  Ihese  bases  are  formed  by  reduction  of  the  thi-ee  dinitrobenzenes 
or  the  three  nitranilines  with  tin  and  hydrochloric  acid ;  also  by 
dry  cUstiUation  of  the  corresponding  diamidobenzoic  acids.  They 
are  bi-acid  bases,  forming  well-defined  crystalline  salts :  e  a 
C8H^(NH2)2.2HC1.  ^' 

Ori^o— Colourless  or  slightly  reddish  four-sided  tables  ;  melts  at 
102  ;  boUs  at  252° ;  dissolves  in  water,  especially  when  hot.  Its 
solution  in  hydrochloric  acid  is  colorrred  dark  red  by  ferric  chloride 
or  potassium  dichromate.  Meta — Crystalluie  mass,  easily  soluble 
in  water ;  melts  at  63°  boHs  at  287°.  Para— Colourless,  or 
lamtly  reddish  scales,  easily  soluble  in  water  :  melts  at  147°,  boils 
at  267°. 

Triamidobenzene,  CbH3(NH2)3  (1 :2:4),  is  produced  by  dry 
ilistiUation  of  triamidobenzoic  acid  mixed  with  pounded  glass,  and 
by  reduction  of  (1:2:4)  dinitranOiae  with  tin  and  hydrochloric 
acid.  It  forms  a  dark  red  radio-crystalline  mass,  meltiug  at  103°, 
'•uiliiig  at  330°;  easily  soluble  in  water,  alcohol,  and  ether ;  sepa- 
rated from  its  aqueous  solution  by  caustic  soda.  By  ferric  chloride 
and  by  strong  sulphuric  acid  containing  a  little  nitric  acid,  its  solu- 
tion IS  coloured  deep  blue.    It  forms  well-defined  salts  with  acids. 


ALCOHOLIC  DERIVATIVES  OF  ANILINE. 

The  partial  or  total  replacement  of  the  hydrogen  in  the  amidogen- 
group  of  aniline  by  alcohol-radicles,  gives  rise  to  compoimds 
analogous  to  the  secondary  and  tertiary  amines  of  the  fatty  group, 
and  lormed  m  like  manner  by  heating  aniliae  with  the  iodides  and 
bromides  of  the  alcohol-radicles  ;  e.g., 

C0H5NH2  -f-  CHgBr  =  HBr  +  CcH5.NH.CH3. 

Methyl-aniline. 

They  may  also  be  produced  by  heating  aniline  hydrochloride  with 
alcohols  m  closed  vessels,  a  chloride  of  the  alcohol-radich;  being 
nrst  formed,  which  then  acts  as  above  on  the  anilme.  The  tertiary 
^^fj''i|ives,  such  as  diethylaniline,  CpHgNCCgHJs,  can  also  unite 
■mth  alcoholic  iodides,  forming  ammonium  compounds,  like  methvl- 
cliethyl-phenylammonium,  (CH3)(G' H,)2(CcHs)NI,  which,  when 
treated  with  moist  silver  oxide,  yielcl  the  corresponding  hydroxides, 
such  as  (CH3)(C2H,)2(C«H.)N.OH.  These  hydroxides  are  very 
soluble  m  water,  strongly  alkaline,  and  have  a  bitter  taste. 
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The  secondary  and  tertiary  derivatives  are  liquid  at  ordinary 
temperatures,  and  exhibit  the  Ibllowiag  physical  properties  : 


Boiling 
Point. 

Specific  Gravity. 

Methylanihne,  C6H5NH(CH3) 
Dimethylaniline,  CqH5N(CH3)2 
Ethylaniline,  C„H5NH(C2H,,) 
DiethylaniUne,  CcH5N(C2H5)2 
Amylaniline,  CgH5NH(C5Hii) 
Amyl-ethylaniline,(CeH6)N(C2HJ(C5Hii) 

190-191° 

192° 

204° 

213-5° 

258° 

262° 

0-976  at  15° 
0-9553  at  15° 
0-954  at  18° 
0-939  at  18° 

Dimethylaniline  solidifies  at  +0-5°.  Amylethyl-aniline  unites 
with  methvl  iodide,  forming  the  iodide  of  methylethylamylphenyl- 
ammonium  (CeH5)N(CH3)(C2H5)(C5Hii). 

Many  other  alcoholic  derivatives  of  anilme  have  heen  prepared 
and  examined. 

Diphenylamine,  NH(C8H5)2,  is  formed  by  heating  aniline 
hydrochloride  with  aniline  to  240°,  and  by  the  dry  distillation  of 
triphenyl-rosaniline  (aniline  blue).  It  is  a  crystalline  body,  having 
a  pleasant  odour,  melting  at  54°,  and  boUing  at  310°;  slightly  soluble 
in  water,  easily  in  alcohol  and  ether  ;  coloured  deep  blue  by  nitric 
acid.    It  is  a  weak  base,  its  salts  being  decomposed  by  water. 

Triphenylamine,  N(CgH5)3,is  produced,  together  with  diphenyl- 
amine, by  heating  a  solution  of  potassium  in  aniline  with  mono- 
bromobenzene.  j ; 

Derivatives  containing  diatomic  alcohol-radicles  are  formed  by  ' 
heating  aniline  with  the  iodides  or  bromides  of  methene  and  ethene. 
Methene-diphenijldiamine,  (C(.B[5.NH)2.CH2,  is  -viscid  and  nncrys- 
taUisable.  Ethene-dijihenijldiamine,  ''(C8H5.NH)2.C2H4,  is  crystal- 
Hue,  and  melts  at  57°.  The  isomeric  ethidcne-dijjhenyldiamine, 
(C5H5.NH)2.CH— CHg,  formed  by  the  action  of  aldehyde  on  aniUne, 
separates  from  alcoholic  solution  in  yellowish  nodules. 

Derivatives  containing  tri-atomic  alcohol  radicles  are  obtained 
by  heating  aniline  with  the  chlorides  of  such  radicles,  or  with 
substances  capable  of  forming  them.  Methenyl-diphenylamine, 
CcHg    NH-^Qjj  produced  by  heating  amline  with  chloroform  to 

180°-190°,  or  by  the  action  of  phosphorus  trichloride  on  a  nuxture 
of  aniline  and  formanilide,  crystallises  in  long  colourless  needles, 
melting  at  135°-136°,  and  boiling,  with  partial  decompositiou, 

above  250°.  Ethenyl-diphenyldiamine,  q^jj^  "^C—CRs,  pro- 
duced by  the  action  of  PCI,  on  a  mixture  of''aniline  and  acetic  acid, 
forms  small  colourless  needles  melting  at  131°-132°. 


ANILIDES. 


453 


DERIVATIVES  CONTAINING  ACID  RADICLES  : — ANILIDES. 

Tliese  compounds,  which  may  be  regarded  as  amides  having  their 
hydrogen  more  or  less  replaced  by  jahenyl,  are  formed :  1.  By  the 
action  of  acid  chlorides  or  chloranhydrides  on  aniline;  thus: 

CeHg.NH^  +  aHgO.Cl    =  HCl  +  CeHg.NHa.C^HgO . 

Aniline.  Acetic  Acetanilide. 

chloride. 

2.  By  heating  aniline  salts  with  organic  acids : 

CeH-.NHg  +  C2H3O.OH  =  H2O  +  C0H5.NH.C2H3O. 

By  heating  with  alkalis,  or  with  hydrochloric  acid,  they  are  resolved 
into  their  components;  e.g., 

C0H5.NH.C2H3G  +  KOH  =  C2H3O.OK  +  CgHj.NHa. 

Formanilide ,  "CgH5.NH.CHO— P7iew?/Z/o7-mami&. — Produced 
by  heating  aniline  with  ethyl  formate,  or,  together  with  other  pro- 
ducts, by  quickly  heating  it  with  oxalic  acid : 

C6H5.NH2  +  C^O.Ha  =  CfiH^.NH.CHO  +  CO^  +  H^O . 

It  forms  prisms,  melting  at  46°,  easily  soluble  in  water,  alcohol,  and 
ether.  Strong  soda-ley  added  to  its  aqueous  solution  throws  down 
sodium  formanilide,  C^Hs.NNa— CHO,  which  is  resolved  by 
water  into  formanilide  and  sodium  hydroxide.  By  distillation  with 
strong  hydrochloric  acid,  it  yields  a  small  quantity  of  benzonitril : 
C0H5.NH.CHO  =  CnHg.CN  +  H2O. 

Acetanilide,  CnHg.NH.CgHgO,  Phenylacetamide,.  yvoAuced  by 
heating  aniline  and  glacial  acetic  acid  (1  mol.  of  each)  for  several 
hoiu's,  or  by  the  action  of  acetyl  chloride  or  acetic  anhydride  on 
aniline,  forms  colourless,  shining  laminar  crystals,  melting  at 
112''-113'',  volatilising  without  decomposition  at  295°,  sparingly 
soluble  in  cold  water,  more  easily  in  hot  water  and  in  alcohol. 
Treated  with  bromine,,  chlorine,  or  nitric  acid,  it  yields  mono-  and 
di-substitution  products,  the  substitution  always  taking  place  in  the 
benzene-ring,  and  these  when  heated  with  alkalis  yield  alcoholic 
anilines.  Monobromacetmiilide,  CoH^Br  -  NH(C2H36)  (1:4),  melts 
at  165°;  dibromacetanilideatl4,6°;  paranitracet  anilido  melts  at  207°; 
ortho-  at  78°.  Dinitracetcmilide,  C„H3(N02)2.NH(C2H30),  formed  by 
dissolving  acetanilide  in  a  mixture  of  nitric  and  sulphuric  acids, 
melts  at  120°. 

CO— NH— C0H5 
Oxanilamide,     ^  ,  Phenyloxamide,  formed, 

together  with  oxanilide,  by  evaporating  cyananiline  (p.  458)  with 
hydrochloric  acid,  crystallises  in  lamina3,  soluble  in  hot  water,  and 
8ul)liming  without  decomposition. 
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CO— NH-C0H5 
Oxanilide,    I  ,  Dii^hmyloxamide,  obtained  by 

CO— NH— CeHg 

heating  aniline  oxalate  to  160°-180°,  and  together  with  oxanilamide, 
by  evaporating  a  solution  of  cyananiline  in  hydrochloric  acid,  forms 
shining  sublimable  crystals,  melting  at  245°. 

CO-NH— C0H5 
Oxanilic  Acid,     I  ,  produced  by  heating  ani- 

CO— OH 

line  with  excess  of  oxalic  acid,  forms  crystalline  scales  slightly 
soluble  in  cold,  easily  in  hot  water,  and  having  a  strong  acid  reaction. 
It  is  monobasic. 

"\TTIX  XX 

Carbanilamide, 

^*-*'^NH  '  -P^e'^2/^-«^^«™^'^«>  Phenyl- 

iirea,  is  formed,  like  ethyl-carbamide  (p.  396),  by  passing  cyanic  acid 
vapour  into  aniline,  and  by  the  action  of  ammonia  on  phenyl  iso- 
cyanate  (carbanil): 

.NH— C«H, 
^5  -r  ^^^3  -  ^^^NH, 


CO=N— CgHs  +  NH,  =  CO<t--  "^8" 


The  easiest  method  of  preparing  it  is  to  evaporate  an  aqueous  solu- 
tion of  potassium  cyanide  and  aniline  sulphate.  It  forms  colourless, 
needle-shaped  crystals,  melting  at  I44°-145°,  sparingly  soluble  in 
cold  water,  easily  in  hot  water,  and  in  alcohol  and  ether.  Decom- 
posed by  heat  into  ammonia,  cyanuric  acid  and  caibanilide. 

Alcoholic  derivatives   of  phenylcarbamide,   e.g.,  ethyl-jjhenyl- 
NH  C  H 

carbamide,  ^C)<[]sjg'Q^jj'' ,  are  formed  by  the  action  of  aniline  on< 
isocyanic  ethers  (carbimides,  p.  98). 

Carbanilide,  C!0<Cjq-jj'Q  y'^  ■>  Diphenyl-carlamide,  Diplwnyl-urea 

(s3ruimetrical),  is  produced  by  the  action  of  carbonyl  chloride  (phos- 
gene) on  aniline  : 

COCI2  -f-  2(CoH,.NH2)  =  2HC1  +  CO(NH.C6H5), ; 

by  combination  of  phenyl  isocyanate  (carbanil)  with  aniline  : 

CO^N-CoHg  +  NH^.CeHg  -  CO(NH.C6H6)2 ; 

by  heating  1  part  of  urea  with  3  parts  of  aniline  to  150°-170°: 

CO(NH2)2  -f-  2(CoH5.NH2)  =  2NH3  +  C0(NH.CTO2 ; 

also  by  heating  1  mol.  aniline  with  1  mol.  carbanilamide  ;  and, 
together  with  formanilide,  by  the  action  of  heat  on  oxanilamide. 
It  forms  silky  needles,  slightly  soluble  in  water,  moderately  soluble 
in  alcohol,  melts  at  235°,  and  volatilises  without  decomposition. 

Ghlorocarbanilide,  COCl — N(C(,H5)2,  is  formed  by  passing  phosgene 
gas  into  a  solution  of  diphenylamine  in  chloroform  : 

COCls  +  NI-I(CeH5)2  =  HCl  +  COCl— N(CoH,,)2  • 
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It  crystallises  in  colourless*  laminfe.  With  alcoliolic  ammonia  it 
forms  unsymmetrical  cliphenyl-carbamide  : 

«0<N(C.H.,,    +    NH3    =    HCl    +  00<™,^^,^, 

which  crystallises  in  long  needles  melting  at  189°.  Heated  with 
aniline,  it  yields  triphenyl-carbamide,  C0<^^^-^^5  (needles 

melting  at  136°) ;  and  with  diphenylamine  at  200°-226''^  it  forms 
tetraphenyl  carbamide,  C0[N{G,'R^)^]2,  light  yeUow  crystals, 
meltmg  at  183°. 

Carbanilic  or  Phenylcarbamic  Acid,  CO<Qg'^8-^5^  is  not 

known  in  the  free  state.  Its  ethers,  the  phenylurethanes,  are 
formed  by  the  action  of  alcohols  on  carbanil.    The  ethvUc  ether, 

CO<oc.'h''      produced  also  by  the  action  of  ethyl  chlorocar- 

2  5 

bonate,  COCLOCgHg,  on  aniline,  forms  colourless  needles  melting 
at  52°.  It  boils  at  237°-238°,  with  partial  decomposition  into 
alcohol  and  carbanil,  and  is  converted,  by  heating  with  strong 
potash-ley,  or  with  aniline,  into  diphenylcarbamide.  ° 

Carbanil,    Phenyl   Isocyanate    or  Phenyl-carbimide, 

CO=iSr— CgHg,  formed  by  distilling  oxanilide,  or  better  ethyhc 
carbanilate,  with  phosphoric  anhydride,  is  a  mobile  liquid,  boiling 
at  163°,  and  having  a  pungent,  tear-exciting  odour.  Its  reactions 
are  exactly  like  those  of  the  isocyanic  ethers  already  described 
(p.  104).    With  water  it  forms  carbanilide  : 

2(C0=N-CeH,)  +  ELjO  =  CO^  +  CO(N}I.C,R,),. 

_  By  ammonia  it  is  converted  into  carbanilamide,  and  by  amines 
into  alcoholic  derivatives  of  that  compound.  It  unites  with 
alcohols  to  form  the  carbanilic  ethers. 

Thiocarbanil  or  Phenyl-thiocarbimide,  CS=N— CqHj, 
also  called  Pheiiylic  Miistard-oil,  is  formed  from  thiocarbanilide  by 
distillation  with  phosphoric  anhydride,  by  prolonged  boiling  with 
hydrochloric  acid,  and,  together  with  triphenylguauidine,  by  the 
action  of  iodine  in  alcoholic  solution: 

<NH  r  H  /NH.C0H5 
2<=^S^NII.c!h:  +     =  CS=ZN-C«H,  +  C<N.C„H«  +2HI  +  S. 

It  is  also  produced  by  the  action  of  phosgene  on  aniline.  It  is  a 
colourless  liquid,  smelling  like  mustard-oil,  boiling  at  222°.  By 
heating  with  reduced  copper  it  is  converted  into  phenyl  cyanide 
benzouitril) : 

CS=:N-CoHj      Cu  ==  CuS  -t-  CN.CoH,. 

Hydrogen  sulphide  passed  into  phcnyl-thiocarljimide  decomposes 
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it,  even  at  ordinary  temperatures,  into  thiocarbanilide  and  carbon 
disulphide : 

2(CS=N.C6H,)  +  SH^  =  CS^  +  CS(NH.CA),. 

It  unites  with  ammonia  to  form  phenylthiocarbamide ;  with  aniline, 
to  form  cliphenylcarbamide ;  and  with  anhydrous  alcohol  at  120°, 
to  form  phenylic  thiocarbamates  or  thiourethanes : 

CS=NCoH,  +  C^H^.OH  =  CS<g_^^§'^S^ 

Normal  Phenyl  Thiocyanate,  CN.S.CoHj,  isomeric  with  thio- 
carbanil,  is  obtained  by  the  action  of  cyanogen  chloride  on  the  lead- 
salt  of  phenyl-mercaptan* : 

(CoH6S)2Pb  +  2CNC1  =  PbClg  +  2(CN.S.CoH5) . 

It  is  a  colourless  liquid  which  boils  at  231°  and  reacts  like  the 
normal  thioeyanic  ethers  of  the  fatty  series. 

NH  C  H 

TMocarbanilamide  or  Phenylthiocarbamide,  CS<;-[^jj^  ° 

formed  by  the  combination  of  ammonia  with  thiocarbanil,  crystal- 
lises in  needles,  melting  at  154°,  slightly  soluble  in  cold,  moreeasQy 
in  boiling  water  and  in  alcohol.  When  boiled  vdth.  silver  nitrate 
it  exclianges  its  sulphur  for  oxygen,  and  is  converted  into  phenyl- 
carbaDiide. 

Thiocarbanilide  or  Diphenylthiocarbamide,  CS(NH.CgH5)2, 
is  formed  by  the  action  of  carbon  disulphide  on  aniline : 

2NH2C0H6  +  CS  =  SH2  +  CSCNH-CgHJo. 

Aniline  and  potassium  hydroxide,  in  equal  numbers  of  molecules, 
are  heated  for  an  hour  in  alcoholic  solution  with  excess  of  carbon 
sulphide ;  the  resulting  liquid  is  poured  into  dilute  hydrochloric 
acid;  the  alcohol  evaporated;  and  the  mass  crystallised  from  alcohol. 

Thiocarbanilide  forms  colomiess  laminae  melting  at  144°,  insoluble 
in  water,  easily  soluble  in  alcohol  and  ether.  The  mode  of  its 
conversion  into  phenyl-thiocarbimide  and  triphenyl-guanidine  has 
been  already  explained  (p.  455).  By  treating  it  ydth.  alcohohc  am- 
monia and  lead  oxide  the  S  is  replaced  by  NH,  and  diphenyl-guani- 
dine  is  produced. 

Diphenyl-guanidine,  NH=C<^][^"^''^5  (Melaniliiie),  is 

also  formed  by  the  action  of  gaseous  cyanogen  chloride  on  dry  ani- 
line, and  by  boiling  cyananilide  with  aniline  hydi'ocliloride : 

C3H3.NH.CN  +  CeH,.NH2   =  HN=C<^g;gjf^ 

It  forms  long  flattened  needles,  melting  at  147°,  soluble  in  10  parts 
of  alcohol  at  ordinary  temperatures,  slightlj'-  soluble  in  water.  It 
is  a  mono-acid  base,  and  forms  well-crystallised  salts.  Wlien  heated 
above  its  melting-point,  it  is  resolved  into  ammonia,  aniline,  and 
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tetraphenyl-melamine,  C3N,.H2(CoH5)^.  By  carbon  disulpbide  it  is 
converted  into  tbiocarbanilide  and  thiocyanic  acid: 

HN=C(NH.CoH,),  +  CS,  =  CS(NH.C,H,)2  +  CNSH. 

Triplienyl-guanidine>  (u),  C„H,-NziC<^H.C„H3  ^ 

tbrined  by  the  action  of  heat  on  diphenyl-carbaniide  ;  by^heatinCT 
diphenyl-thiocarbamide  either  alone  or  with  copper  to  150°-160°,  or 
with  andine  to  the  boiling  point  of  the  latter.  It  is  most  easily  pre- 
pared by  heating  an  alcoholic  solution  of  diphenyl-thiocarbamide 
and  aidline  with  lead  oxide  or  mercuric  oxide,  or  with  an  alcoholic 
solution  of  aniline  to  the  boiling  point:. 

CS(NH.C6H,)2  +  CeH^.NH^  =  SH^  +  CgH5-N--C(NH.CeH,)2. 

Triphenyl-guanidine  crystallises  in  shining  rhombic  prisms, 
melting  at  143°,  nearly  insoluble  in  water  even  at  the  boiling  heat, 
easily  soluble  in  hot  alcohol.  It  is  a  mono-acid  base,  forming  well- 
crystallised  salts.  By  distillation  it  is  resolved  into  aniline  and 
diphenyl-cyanamide  or  carbodiphenylimide,  which  recombine  in 
the  receiver: 

and  by  heating  to  1.60°-170°  with  carbon  disulpliide,  into  phenyl- 
thiocarbamide  and  diphenyl-thiocarbamide : 

C«H5N=C(NH.C,H5)2  +  CS2  =  CS=N.CoH,  4-  CSCNH.CoH,)^. 
An  isomeric  triphenyl-gmnidme  (/3),  H]SrziC<;^^''H^2 


IS 


formed  by  heating  cyananihde  with  diphenylamine  hydrochloride: 

C«H,.NH.CN  +  NH(CeH,)2  =  HN=C<  Jg^^H^^ . 

It  crystallises  in  large  tables  melting  at  131°. 

Tetraphenyl-guanidine,  HN=:C[N(C(,H6).,]2.— The  bydro- 
chloride  is  formed  Ijy  passing  gaseous  cyanogen  chloride  into  fused 
diphenylamine  heated  to  160°-170°.  The  fi'ee  base  separated  there- 
from l)y  an  alkali  forms  colourless  rhombic  prisms,  meltiue;  at 
130M3r. 

Phenyl  -  cyanamide,  or  Cyananilide,  CN.NH.CgH^,, 
formed  ]>y  passing  gaseous  cyanogen  chloride  into  an  ethereal  solu- 
tion of  dry  aniline,  or  by  digesting  an  alcoholic  solution  of  plienyl- 
thiocarbamide  with  lead  oxide,  crystallises  in  long  needles,  melting 
at  36°-37'',  sparingly  soluble  in  water,  easily  in  alcohol  and  ether. 
It  has  no  basic  properties,  but  unites  with  hydrogen  sulphide  to 
fonn  phenylthiocarbamide,  NH2.CS.NIl(C„Hn),  and  is  con- 
verted spontaneously,  even  at  ordinary  temperatures,  into  the  poly- 
meric compound  t rip henyl-mela mine,  C3N aR^iCoRf,)^,  which 
crystallises  in  prisms  melting  at  162°-163°, 
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Biphenylcyanamide    or     Cart)o  -  diphenylimide, 

^13^10^2  =  C)>^]vf  Q^jj^' ^^fo^'^^'l^y  ^'^'^o^s'^curic  oxide  to  a 

solution  of  cTiphenyltliiocarbamide  in  hot  benzene,  and,  together 
with  anUiae,  by  distillation  of  «-tripbenyl-guamdine.  It  is  a 
syrupy  liquid,  boiling  at  330°-331°,  and  changing,  when  kept  in  an 
exsiccator,  into  a  solid  polymeric  compound.  Hydrochloric  acid 
gas  passed  into  its  solution  in  hot  benzene  converts  it  into  a  crystal- 
line hydrochloride,  C13H1QN2.HCI.  By  boUing  with  aqueous  alco- 
hol it  is  converted  into  diphenylcarbamide.  It  unites  with 
SH2  to  form  diphenylthiocarljamide,  and  with  CS2  at  140°- 
150°  to  form  plienylthio carbimide,  CYKCrHs),  +  CS,  = 
2(CS=N-CTO. 

C(NH)— NH.aH5 
Cyananiline,  (C6H5.NH2)2<CN),  =  |  ,  sepa- 

C(NH)— NH.C„H, 
rates  on  passing  cyanogen  gas  into  an  alcoholic  solution  of  aniline, 
ia  shining  laminje,  melting  at  210°.    It  is  a  biacid  base,  and  is 
resolved  by  boiling  with  acids  into  oxamide  and  oxanilide. 


PHENYL  PHOSPHORUB-COilPOUNDS. 

Phosplienyl  Chloride,  CbHs.PC12,  formed  by  repeatedly 
passing  a  mixture  of  the  vapours  of  benzene  and  phosphorus  tri- 
chloride through  a  red-hot  tube  fiUed  with  fragments  of  pumice, 
and  in  small  quantity  by  heating  mercury-diphenyl  with  phos- 
phorus trichloride,  is  a  fuming,  strongly  refracting  liquid,  having 
a  density  of  1-319  at  20°,  and  boiling  at  222°  ;  decomposed  by  water 
into  hydrochloric  and  phosphenylous  acids.  It  unites  with  chlorine, 
forming  the  tetrachloride,  CeH5.PCl4,  which  melts  at  73°  ;  with 
bromine  to  form  CgHg.PCljBrj,  melting  at  208° ;  with  oxygen  to 
form  the  oxychloride,  C8Hr,.PCl20,  which  is  a  liquid  boihng, 
with  partial  decomposition,  at  260°;  and  with  sulphur  to  form 
CgB[5.PCl2S,  a  liquid  boiling,  also  with  partial  decomposition, 
at  270°. 

Phosphenylous  Acid,  C0H5.PHO.OH,  formed,  as  above 
mentioned,  by  the  action  of  water  on  the  dichloride,  crystallises  ia 
colourless  laminje,  melting  at  70°,  and  acts  as  a  powerful  reducing 
agent.  Phosphenylic  acid,  CeH5.PO(OH)3,  formed  in  like 
manner  from  the  tetrachloride,  crystallises  in  laminoa,  melthig 
at  158°. 

Phenyl-phosphine,  C0H5.PH2. — Dry  hydrlodic  acid  gas 
passed  into  phosphenyl  chloride  unites  with  it  forming  the  com- 
pound, CgH^j.PIg.HI,  which  is  decomposed  by  alcohol,  vnth  formation 
of  phenyli^hosphine.  The  latter  is  a  liquid  having  a  pungent  and 
offensive  odour,  heavier  than  water,  boiling  at  160°.  It  oxidises  in 
the  air,  forming  phosphenyl  oxide,  CeHg.PHjO,  a  crystalline 
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mass  easily  soluble  in  water.  Phenyl-phosphine  does  not  dissolve 
in  aqueous  acids,  but  unites  with  dry  hydrogen  iodide  formint^ 
phenylphosphonium  iodide,  CeHj.PHgl,  from  which  the 
phenylphosphine  may  be  separated  by  water. 

i?te;'/i!/Z-2)/ie«i/Z^/iospAme,  CcH5.P(C2H5),,  formed  by  the  action  of 
zmcethyl  on  phosphenyl  chloride,  and  treatment  of  the  product  with 
caustic  soda,  is  a  colourless  strong-smelling  liqiud,  having  a  specihc 
gravity  of  0-9571  at  13°,  boiling  at  222°,  insoluble  in  water,  soluble 
in  acid,  but  not  forming  crystallisable  salts.  With  ethyl  iodide  it 
lorms  the  compound  which  is  crystalline,  and 

easily  soluble  in.  water. 


Arsenic  Compounds.— ^rsemoj^/ieraj/Z  chloride,  CeHgAsCl,, 
formed  by  the  action  of  arsenious  chloride  on  mercury-diphenyl  is 
a  heavy  colomdess  Uquid,  boiling  at  252°-255°,  not  decomposed 
by  water,  soluble  m  alkalis.  It  unites  with  chlorine,  forniiiio-  a 
reddish-yeUow  Uquid  tetrachloride,  CeHjAsCl^,  which  is  decom- 
posed by  water  into  hydrochloric  and  phenylarsinic  acids, 
CgH5AsO(OH)2,  crystallising  in  long  needles  which  melt  at  168°. 

Arsemo-diphenyl  chloride,  or  Phenylcacodyl  chloride,  (CgH5)„AsCl 
formed  m  small  quantity,  together  with  the  preceding  compound' 
IS  a  thick  oil,  boiling  above  360°,  not  decomposed  by  water  It 
unites  with  chlorine,  forming  the  trichloride,  (C6H5),AsCl3,  which 
melts  at  174°,  and  is  decomposed  by  warm  water  into" hydrochloric 
acid  and  phenylcacodylic  acid,  (CeH5)2AsO.OH,  which  crystal- 
lises m  needles,  slightly  soluble  in  water,  melting  at  174°. 

Silico-phenyl  Compounds.— The  chloride,  C„H,SiCL,  ob- 

•   ^1^''^^\''°,™'','''''""^''^'P^^^^^         silicic  chloride,  SiCL,  to 
300  ,  IS  a  hqmd  which  fumes  in  the  air,  and  boils  at  197°.    It  is 
4ecomposed  by  water,  with  formation  of  silico-benzoic  acid, 
.  •  f^^^o^'^  *icid  in  which  the  C  of  the  group 

n  xP^./AnTr''^'^-^  }^  ^\     ^^^^  triethylic  ether, 

^^5.bi(OC2H5)3,  is  formed,  as  a  liquid  boiling  at  237°. 

Mercury-diphenyl,  (C„H.g)2Hg,is  formed  by  heating  a  solution 
of  bromobenzene  m  benzene  for  a  considerable  time  with  liquid 
sodium-amalgara,  the  reaction  being  fecilitated  by  addition  oi  a 
httle  acetic  ether.  It  crystallises  in  colourless  rhombic  prisms, 
melts  at  120  ,  and  may  be  sublimed;  turns  yellow  on  exposure  to  the 
air  ;  dissolves  easily  m  benzene  a^d  carbon  sulphide;  less  easily  in 
ether  and  in  alcohol ;  mot  at  all  in  water.  When  cUstilled  it  is  for 
tne  most  part  decomposed  into  diphenyl,  benzene,  and  mercurv, 
Aculs  decompose  it,  with  formation  of  benzene  and  merciuy  salts. 
When  treated  with  two  molecules  of  chlorine,  bromine,  or  iodine, 
It  IS  decomposed  mto  mouochloro-benzene,  &c.,  and  a  halogen- 
compound  ot  mercury ;  e.g., 

(CoH5)2Hg  -j-  2CI2  =  2C„H6C1  +  HgClj. 

'  With  one  molecule  of  the  halogen  element,  haloid-compounds  are 
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formed,  like  CgHj.Hgl,  from  whicli,  hj  the  action  of  moist  silver 
oxide,  the  hydroxide,  CgHg.Hg.OH,  is  formed,  a  crystalline,  strongly 
alkaline  compound,  which  expels  ammonia  from  ammonium  salts. 


Amido-toluenes. 

These,  like  other  toluene  derivatives,  admit  of  metameric  modifi- 
cations, according  as  the  NHg-group  is  situated  in  the  principal  or 
the  lateral  chain  (p.  424). 

Toluidine,  C^Hg]Sr  =  CeH4(NH2).CH3.— This  hase,  homologous 
with  aniline,  exhibits  the  tliree  modifications,  ortho-,  meta-,  and 
para-,  which  are  obtained  by  reduction  of  the  three  corresponding 
nitrotoluenes,  CgH^(N02).CH3, 

Para  -  toluidine  (ordinary  toluidine),  Cg.CHg.H.H.NHj.Hj, 
forms  large  colourless  tabular  crystals,  heavier  than  water,  very 
sparingly  soluble  in  water,  easily  in  alcohol  and  ether.  It  melts  at 
45^,  boils  at  198°;  has  an  aromatic  taste  and  odour,  a  very  feeble 
alkaline  reaction ;  does  not  give  any  coloured  reaction  with  chloride 
of  lime.  It  forms  crystalline  salts,  but  is  a  weak  base,  incapable  of 
neutralising  sulphuric  acid.  With  acetyl  chloride  it  forms  aceto- 
paratoluidine,  CeH4(NII.C2H30).CH3,  a  crystalline  compound 
melting  at  145°. 

Ortho-toliiidine,  also  called  Pseudo-toluidme,  is  a  colourless, 
neutral  liquid,  becoming  rose-coloured  on  exposiu-e  to  the  air.  It 
has  a  density  of  1-00  at  16°,  boils  at  199-5°,  and  does  not  solidify  at 
-  20°.    Its  acetyl-derivative  melts  at  107°. 

Meta-toluidine,  from'metanitrotoluene,  is  a  colom-less liquid,  of 
specific  gravity  0-998  at  15°,  boiling  at  197°,  not  solidifying  at  — 13°. 
Its  acetyl-derivative  melts  at  65*5°. 

Commercial  toluidine,  from  aniline  works,  is  a  mixture  of  ortho- 
and  para-toluidine,  the  latter  of  which  partly  crystallises  out  on 
cooling  to  a  low  temperature.  To  separate  the  ortho-toluidine  from 
the  still  dissolved  para-modification,  the  liqiud  is  heated  with  glacial 
acetic  acid,  whereby  the  two  bases  are  converted  into  acetotoluides ; 
these  are  dissolved  in  strong  acetic  acid,  and  the  solution  is  diluted 
with  80  parts  of  water,  whereby  the  acetoparatoluide  is  precipitated, 
while  the  acetorthotoluide  remains  in  solution;  or  the  mixtiu-e  of  the 
two  bases  is  heated  successivelj^  -with  oxalic  acid  and  ether,  whereby 
an  oxalate  of  paratoluidine  is  first  separated,  the  ortho-salt  remain- 
ing dissolved. 

Benzylamine,  CoH5.CH2(NH2)  or  NHaCC-H-).— This  com- 
pound, metameric  -with  toluidine,  is  obtained,  together  with  diben- 
zylamine,  NH(C7Hf)2,  and  trihenzylamine,  N(C7H7)3,  by  the  action  of 
alcoholic  ammonia  on  benzyl  chloride,  CflHs-CHgCl  (p.  439). 

Benzylamine  is  a  colourless  liquid,  boiling  at  185°.    It  mixes  in  all 
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proportions  with  water,  and  is  separated  therefrom  by  potash.  It  is 
much  stronger  base  than  toluidine ;  absorbs  carljon  dioxide  rapidly, 
forming  a  crystalline  carbonate ;  imites  readily  with  acids,  produc- 
ing rise  of  temperatiu'e;  and  fumes  wdth  hydi-ochloric  acid.  The 
hydrochloride  crystallises  in  striated  tables;  the  platino chloride, 
2NH3(C5.H7)Cl.PtCl4,  in  orange-colom-ed  lamince.  ' 

Dibenzylamine,  (0^3^)2^11,  is  a  colourless  viscid  hquid,  insoluble 
m  water,  easily  soluble  in  alcohol  and  ether;  having  a  specific 
gra\'ity  of  1-033  at  14°. 

Tnheimjlamine,  [C^B.^)^,  forms  colourless  needles  or  laminte, 
melting  at  91°,  insoluble  in  water,  slightly  soluble  in  cold  alcohol, 
easily  in  hot  alcohol  and  in  ether.  Its  hycbochloride,  heated  in  a 
stream  of  dry  hydrogen  chloride,  is  resolved  into  benzyl  chloride 
and  the  hydrochloride  of  dibenzylamine. 

Diamidotoluenes  or  Tolylene-diamines,  CeH3(NH2),. 
CHg.— The  modification  1:2:4  (CH3  in  1),  obtained  by  reduction 
of  dinitrotoluene  melting  at  70'5°,  with  tin  and  hydi-ochloric  acid, 
crystallises  in  long  needles,  melts  at  99°,  and  boils  at  280°.  1:3:4, 
obtained  by  reduction  of  metanitro-paratoluidine,  forms  colourless 
scales,  melting  at  88-5°,  boiling  at  265°. 


Metaxylidine,  C8HiiN=C„H3(NH2).(CH3)2,  Cumidine,  C„H,3N, 
or  probably  CaH^(NH2) .  C3H7,  and  Cymidine,  CioHi^N,  or 
f 'ij^isCNHj),  homologous  with  toluidine,  are  obtained  in  like  man- 
ner by  reduction  of  the  corresponding  nitro-derivatives.  XyHdine 
boils  at  214°-216°;  cumidine  at  225°;  cymidine  at  250°  Xylidine 
and  cuniidme  form  well-crystallised  salts. 

Mesidine  or  Amidomesitylene,  CgHj(CH3)3.NH2  (the  three 
CHg-gronps  symmetrical,  1:3:5)  is  liquid.  Ni}romcsidiiie, 
C9Hio(N02)(NH2),  melts  at  100° ;  diamidomesitylene,  CQR^ai^'R^)^, 
flit/  90  . 

Xylylamine,  C8HjiN  =  NH2C8Ho  =  CflH,(CH3).CH2NH„  homo- 
logous with  benzylamme,  is  obtained,  together  with  dixyhjlaviine, 
NH(C8Hg)2,  and  trix^jlylamine,  N(CgHg)3,  by  heating  xylyl  chloride, 
^oH4(GH3).CH2.Cl,  with  alcoholic  ammonia  in  sealed  tubes.  These 
three  bases  are  oily  liquids,  smelhng  like  herring-pickle,  lighter  than 
water,  insoluble  therein,  easily  soluble  in  alcohol  and  ether.  Xyly- 
lainine  boils  at  196°;  cUxylylamine  decomposes  at  210°. 

Cumylamine,  the  9-carbon  base  metanieric  with  cumidine  and 
homologous  with  benzylamine,  has  not  been  obtained. 

Cymylamine  C,oH,  N  =  NH2(CioHi3)  =  C„H,(CH3).C3H„(NH2), 
IS  obtained,  together  with  di-  and  tri-cymylamine,  by  heating  cyinyl 
chloride  with  alcoholic  ammonia  in  sealed  tubes.  Cpnylamine  and 
dicymylamine  are  oily  liquids,  boiling  with  decomposition,  the 
lormer  at  280°,  the  latter  alcove  300°.  Tricymylamine  crystallises 
in  rhomboidal  laminae,  melting  at  8r-82°, 
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ANILINE  DYES. 

Aniline  has  during  the  last  few  years  found  an  extensive  applica^ 
tion  in  the  arts,  a  long  series  of  colouring  matters  unequalled  in 
brilliancy  and  beauty,  having,  by  the  action  of  different  oxidising 
agents,  been  produced  from  it.  It  was  Mr  W.  H.  Perkia  who  firet 
conceived  the  happy  idea  of  applying  practically  the  well-known 
property  possessed  by  aniline,  of  forming  violet  and  blue  solutions 
when  treated  with  a  solution  of  chloride  of  lime  or  chromic  acid. 
He  succeeded  in  fixing  these  coloiu'S,  and  briuging  them  into  a  foim 
adapted  for  the  dyer. 

Anilin'e-purple  or  Mauve,  the  first  discovered  of  the  ani- 
line-dyes (1856),  is  prepared  by  mixing  solutions  of  aniline  sulphate 
and  potassium  bichromate  in  equivalent  proportions,  and  allowing  the 
mixture  to  stand  for  several  hours.  The  black  precijiitate  formed  is 
filtered  off  and  purified  from  admixed  potassium  sulphate  by  wash- 
ing with  water  ;  it  is  then  dried  and  freed  from  resinous  matter  by 
repeated  digestion  with  coal-tar  naphtha,  and  finally  dissolved  in. 
boiling  alcohol.  For  its  further  purification,  the  alcoholic  solution 
is  evaporated  to  dryness,  the  substance  is  dissolved  in  a  large 
quantity  of  boHing  water,  reprecipitated  with  caustic  soda,  washed 
with  water,  and  dissolved  in  alcohol ;  and  the  filtered  solution  is 
evaporated  to  dryness.  Mauve  thus  prepared  forms  a  brittle  sub- 
stance, having  a  beautiful  bronze-coloured  surface  :  it  is  difficultly 
soluble  in  cold  water,  although  it  imparts  a  deep  purple  colour  to 
that  liquid  :  it  is  more  soluble  in  hot  water,  very  soluble  in  alcohol, 
nearly  insoluble  in  ether  and  hydi-ocarbons  :  it  dissolves  in  con- 
centrated acetic  acid,  from  which  it  crystallises.  Mauve  is  the 
sulphate  of  a  base  called  mauveine,  having  the  composition 
C,(jH24N4,  and  capable  of  forming  crystalline  salts  with  acids. 

Aniline-red,  Rosaniline,  CjoHjgNg  (or  CgoH^^Ng). — Salts  of 
this  base  occur  more  or  less  pure  in  commerce  under  the  names 
roseine,  fuchsine,  magenta,  azaleine,  &c.  A  red  colom-  had  been 
observed  at  different  times  in  experimenting  with  aniline,  more 
especially  when  that  substance  was  digested  with  Dutch  liquid. 
The  red  colouring  matter,  though  still  impiu-e,  was  first  obtained  in 
a  separate  state  from  the  product  formed  by  digestmg  aniline  with 
carbon  tetrachloride  at  150°,  in  which  reaction  it  is  formed,  together 
with  triphenylguanidine.  Verguin  (1858)  first  prepared  it  on  a  large 
scale  by  the  action  of  stannic  chloride  upon  aniline  ;  and  it  has  since 
been  produced  by  the  action  of  mercm'ic  salts,  arsenic  acid,  and  many 
other  oxidising  agents,  upon  aniline.  The  most  advantageous  mode 
of  preparation  is  the  following  : — A  mixture  of  12  parts  of  the  dry 
arsenic  acid  which  occurs  in  commerce,  and  10  pai'ts  of  aniline,  is 
heated  to  120°  or  140°  C.  (250°-280°  F.),  with  addition  of  water,  for 
about  six  hom-s.  The  product,  Avhich  is  a  hard  mass  haAong  the 
lustre  of  bronze,  is  dissolved  in  hot  water  and  preciintated  by  a 
slight  excess  of  soda  ;  the  precipitate  when  washed  with  water,  and 
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dissolved  in  acetk  acid,  forms  the  roseine  of  commerce.  In  order 
to  pimfy  tins  stiU  crude  substance,  it  is  boiled  witli  an  excesV  of 
soda,  to  separate  any  aniline  that  it  may  contain  :  and  the  wq.hpri 
precipitate  IS  dissolved  in  very  dilute  mineral  acid,  filtered  from 
undissolved  tarry  matter,  and  reprecipitated  with  alkaU  Tl^ 
compounds  of  rosanUine  mth  one  molecule  of  acid  are  beautifullv 
crystallised  substances,  which  in  the  dry  state  have  a  green  colour 
with  golden  lustre;  with  water  they  yield  a  very  'ntenselv 
colom'ed  red  solution.  The  free  base,  first  obtained  by  Nichol  on 
presents  itself  m  colourless  crystalline  plates,  insoluble  in  water 

of i prn:t'tS     '  ^'^^^^^ 

Eosaniline  in  the  anhydrous  state  is  represented  by  the  formula, 
C^o^A  aud  m  the  hycbated  state,  such  as  it  assumes  when  iso- 
lated irom  Its  compounds,  by  the  formula  C„„H.„N,.H,0     It  is  a 

?heTn5lin?:  t  1  Wacid  sa  ts 

Ihe  anilme-reds  of  commerce  are  monoacid  salts  of  rosaniline 

ruZi'J  '^'^^tate  which  is  chiefly  fotmd  in  coZ  rce 

al.   of  f '  Pr^'T'^        Nicholson  in  splendid  crys- 

h  N  C^r'^T  Ir^'S  the^omposition 

\2o^ii)-'-^3-'-'2J^4^2-  Ii  ranee  the  hydrochloride.  C„„H  N"  TTf'l 
.  chiefly  employed.  The  action  of  amionixmi  sulpae  ii£fosan  ! 
hue  gives  rise  to  leucamhne  G,,RA  a  base  containing  two  a  Id  - 
)  tional  atoms  of  hydrogen.  This  base  is  itself  colouxlessrand  forms 
ijSZSitirroSSli:?  ^^oH.N3.3HCl.  Oxidising  agent^ 
The  molecular  constitution  of  rosaniline  has  not  been  cUstinctlv 
:  made  out,  and  there  is  even  some  doubt  (as  above  indicated)  with 

•  ZT  S  H  °f  formation,  ato,S 

thoroiighly  understood;  but  one  very  important  fact  has  been 

brought  to  hght  by  the  researches  of  Hofm'ann,  and  confirmed  by 
experience  of  manufacturers,-namely,  that  pure  aniHn^  from 
Sit: red'°T'       "^'T  is  incapible  of  fuSlshTng 

'  hat  thP  f  fv,- '  ^"^^^  '  ''^^^^  Hofmann  has  shown 

'tfffn,nn.?,      f  f%°^        base,  together  with  aniline,  is  es.sential  to 

ot  yieldmg  the  red  as  pure  aniline,  but  when  a  inixture  of  pure 
lamlme  and  piu-e  toliudme  is  treated  with  stannic  or  mercuric 
cworide,  or  with  arsenic  acid,  the  red  colouring  matter  is  immedi- 

'o  rosanTwi  "       ^''T''^''  ^^«H^»^3  be  coVct,  the  foionation 
01  rosaniJme  may  perhaps  be  represented  by  the  equation  : 

CcH,N   +   2C,H„N    .   C,„H,„N3   +  3H,; 

Toluidlno.  Rosaniline. 

^and  its  structure  by  the  formula  : 
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But  rosaniline  is  converted  by  nitrous  acid  into  aurin  or  rosolic 
acid,  which,  according  to  the  recent  experiments  of  Dale  and 
Schorleinmer,*  has  the  composition  C2oH^4G3,  and  is  reconverted 
into  rosaniline  by  heating  with  alcoholic  ammonia.  According  to 
this,  rosaniline  should  have  the  formula  CgoH^^Ng,  the  two  reactions 
just  mentioned  being  represented  by  the  equations  : 

C20H17N3  +  3NO2H  =  C20H14O3  +  3H2O  +  3N2, 

and 

.C20H14O3   +  3NH3    =  C20H17N3  +  3H2O. 

Aniline-blue  and  Aniline- violet. — Girard  and  De  Laire  ob- 
tained aniline-blue  by  digesting  rosaniline  with  an  excess  of  aniline 
at  150°-160°  C.  (300°-320°  F.).  Together  with  aniline-blue,  which 
is  the  principal  product  of  the  reaction,  several  other  colouring 
matters  (violet  and  green),  and  indifferent  substances,  are  formed, 
considerable  quantities  of  ammonia  being  invariably  evolved.  The 
crude  blue  is  purified  by  treating  it  successively  with  boiliag  water 
acidified  with  hydrochloric  acid,  and  with  pure  water.  The  blue 
coloming  matter  is  said  to  be  obtained  fi-om  its  boiling  alcoholic 
solution  in  brilliant  needles.  .  It  consists  of  the  hydi-ochloride  of 
triphenyl-rosaniline,  C2oHjg(CpH.)3.  By  heating  rosaniline  with 
ethyl  iodide,  Hofmann  has  obtained  an  aniline-violet,  ha\dng  the 
composition  of  hydriodide  of  triethyl-rosaniline,  C,oHjg(C2H5)3N3. 
Another  aniline- violet  is  produced  by  heating  rosaniline  with  a 
quantity  of  aniline  less  than  sufficient  to  form  aniline-blue. 

Other  aniline  violets  are  produced  by  the  action  of  stannic  chlo- 
ride, mercuric  chloride,  or  iodine  chloride  on  methyl-aniline  and 
dimethyl-aniline. 

Aniline  Greens.- — The  most  important  of  these  colom-s  are, 
those  kno^vn  as  "  aldehyde-green  "  and  "  iodine  green."  The  for- 
mer is  produced  by  adcUng  1^  parts  aldehyde  to  a  cold  solution 
of  magenta  in  a  mixture  of  3  parts  strong  sulphuric  acid  and  1  part 
water.  The  mixture  is  then  heated  in  a  water-bath  till  a  drop  of 
the  product  diffused  in  water  produces  a  fine  blue  colour-,  and 
then  pom-ed  into  a  boiling  solution  of  sodium  thiosulphate.  The 
liquid  is  then  boiled  for  a  short  time  and  filtered.  The  filtrate 
contains  the  green,  which  may  be  precipitated  by  tamiin  or  by 
sodium-acetate.  Aldehyde-green  is  principally  used  in  silk-dyeing. 
It  is  a  salt  of  an  organic  base  which  may  be  separated  by  means  of 
soda  or  ammonia. 

Iodine-green  is  produced  by  heating  the  violets  of  triethyl-  or 
trimethyl-j'osaniline  (Hofmann's  violets)  or  the  methyl-anihne 
violets,  with  iodide  of  methyl,  ethyl,  or  amyl.  The  green  thus 
obtained  with  methyl  iodide  has  a  very  fine  coloiu-,  bluer  than 
that  of  aldehyde-green,  and,  like  the  latter,  preserves  its  colour  by 
artificial  light.    It  is  much  used  for  cotton  and  silk  dyeing. 

*  Cliem.  Soc.  Journal,  1877,  vol.  ii.  p.  121. 
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A  third  Mud  of  aniline-green,  known  commercially  as  "  Perkin's 
sreen,  resembles  the  iodine-green,  and  is  much  used  for  calico- 
prmtmg. 

is  formed  as  a  secondary 
product  m  the  preparation  of  aniline-red.  It  is  a  well-defined  base 
lorming  two  series  of  salts,  most  of  which  are  well  crystaUised' 
P  w  rofeY°'^f"^'''  ^hrysanUme  are  C^oHi^Ng.HCl,  and 
(-  2oHi:N  2HC1.  The  nitrate,  CooHi.Ns.NOgH,  is  so  littll  soluble  in 
-switer,  that  nitric  acid  may  be  precipitated  even  from  a  dilute  solu- 
tion ot  nitrates  by  means  of  the  more  soluble  hydrochloride  or 
acetate  of  chrysaniline. 

Aniline-Brown  is  obtained  by  heating  4  parts  of  aniline  hydro- 
chloride to  240°  w-ith  1  part  of  aniline-violet  or  aniline-blue. 

Aniline-Black.— Blacks  of  great  intensity  are  produced  on  calico 
by  printing  with  a  mixture  of  aniline,  potassium  chlorate,  and  a 
metalhc  compound,— the  one  most  generally  used  being  cupric  sul- 
phide. The  composition  of  aniline-black  is  not  known,  neither  is 
its  mode  of  formation  well  understood ;  but  it  appears  to  depend 
upon  oxidation  of  the  aniline  by  the  chlorate  and  the  cupric  sul- 
phide, these  compounds  being  thereby  reduced,  and  afterwards 
reoxidised  by  the  oxygen  of  the  air,  so  that  they  act  as  carriers  of 
oxygen.  The  finest  black  is  obtained  with  vanadium  salts,  which 
easily  undergo  oxidation  and  reduction. 

Aniline  also  forms  colouring  matters  with  xylidine.  Xylidine- 
rosanihne,  produced  according  to  the  equation  CgHyN -1- 2C8HuN  = 
LjgHggNa  +  3H2,  forms  salts  of  a  fine  crimson  colour. 


AZO-  AND  DIAZO-COMPOUNDS. 

These  compounds  are  derived  from  the  aromatic  hyrocarbons  by 
substitution  of  2  atoms  of  nitrogen  for  2  atoms  of  hydrogen,  the 
nitrogen  apparently  acting  as  a  univalent  radicle.  In  the  azo-com- 
pounds  the  two  nitrogen-atoms  are  united  to  one  another  by  a  part 
01  their  combining  capacities,  and  each  is  directly  combined  with 
tlie  carbon  of  a  benzene-residue  ;  thus : 

N-C„H,  /N-CeH,  HN-CoH^ 

Azobenzene.  Azoxybenzene.  IXydiazobenzone. 

In  the  diazo-compounds,  only   one  of  the  nitrogen-atoms  is 
directly  hnked  to  the  carbon  of  a  benzene-residue,  while  the  free 
combining  imit  of  the  other  is  satisfied  eitlier  by  a  halogen-element 
FOWNE8.— VOL.  n.  2  o 
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or  by  an  acid  residue,  or  generally  in  some  way  different  from  the 
first ;  thus : 

N-C«H.  N-C«H, 


-'6^5 


N_Br  N-NO3  N-NH(CeH5). 

Diazobenzene  Diazobenzene  Diazobenzene- 

Bromitle.  Nitrate.  amidobenzene. 

The  azo-compounds  are  formed  :  1.  By  the  action  of  certain  re^ 
ducing  agents  on  the  nitro-derivatives  of  the  aromatic  hydrocarbons; 
2.  By  oxidation  of  aniline.  They  may  indeed  be  regarded  as  step- 
ping-stones from  the  nitro-  to  the  amido-derivatives,  as  shown  by 
the  following  formulae : 


Nitrobenzene, 

Azoxybenzene, 

Azobenzene, 

Hydi-azobenzene, 

Amidobenzene, 


Equivalent  Jlolecnlar 
formuife.  forniulte. 

CcHgNOo   .  .  CgH^NO, 

CeH^NOt    .  .  Ci2HioN;0 

..  . 


The  hydrogen  of  the  benzene-nnclens  in  these  bodies  may  be 
l^artly  replaced  by  the  halogen-elements  and  the  groups  NO.,,  NHj, 
SO3H,  &c. 

Azoxybenzene,  CijHjoNgO,  or  Azoxyhenzide,  is  formed  by 
the  action  of  potash  or  soda,  or  of  sodium-amalgam  on  nitroben- 
zene in  alcoholic  solution.  Nitrobenzene  (1  vol.)  is  dissolved  in 
strong  alcohol  (8-10  vol.)  and  a  c[uantity  of  dry  potassimn  hydroxide, 
eqiial  in  weight  to  the  nitrobenzene,  is  added;  the  liquid,  which 
becomes  heated  spontaneously,  is  boiled  for  some  time  ;  the  alcohol 
is  then  distilled  off  till  the  residual  liquid  separates  into  two  layers ; 
and  the  upper  brown  layer,  which  contains  the  azoxybenzene,  is 
washed  with  water,  whereupon  it  solidifies  to  a  crystalline  mass, 
which  is  recrystallised  from  alcohol. 

Azoxybenzene  forms  long  yellow  needles,  insoluble  in  water, 
easily  soluble  in  alcohol  and  ether.    It  melts  at  36°,  and  is  decom- 
posed by  distillation  mto  aniline  and  azobenzene.  By  reducing  agents 
it  is  converted  into  azobenzene  and  hydrazobenzene.    It  yields  two  • 
niononitro-derivatives,  one  melting  at  143°,  the  other  at  49°. 

Azobenzene,  CigHioNg,  Azohcnzide,  is  formed  by  the  action  of 
iron  and  acetic  acid,  or  better  of  sodium-amalgam,  on  nitrobenzene.  . 
On  heating  the  products,  the  azobenzene  distils  over  as  a  yellow 
oil,  which  solidifies  in  the  recei\-er,  while  azoxybenzene  remains  • 
behind. 

Azobenzene  crystallises  in  large  yellowish-red  lamina?,  sparingly 
soluble  in  water,  easily  in  alcohol  and  ether.  It  melts  at  66'5, 
and  distils  at  293°.  By  the  action  of  ammonium  sulphide  and 
other  reducing  agents  it  is  converted  into  hydrazobenzene  and 
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the  isomeric  compound  benzidine.  With  bromine  it  forms  the 
compound  Cj.H^.Br.N,  or  C^H.-BrN-NBr-C"  H,  anT  ^vith 
mtric  acid  a  mono-  and  a  diniti  o-clerivative  " 


Amida^obenzene  o^^^  C„H„(NH,)N,  = 

7.  3    -L'^— ^(.^^(JNHj).— This  compound,   which  forms  the 
chiei  constituent  of  commercial  aniline-yeUow,  is  produced  by  the 
action  ot  ammonium  sulphide  on  nitro-azobenzene,  and  by  a  mole- 
.  cnlav  transformation  of  the  isomeric  compound  diazo-amidobenzene, 

l  J-r^~      .  7'^'''^  ^^^'^^  place  when  the  latter  is 

lett  in_ contact  TOth  alcohol  and  aniline  hydrochloride;  also  by 
itie  action  of  sodium  stannate  and  other  oxidising  agents  on  aniHne 
Amidazobenzene  crystallises  from  hot  alcohol'  in  yeUoAv  rhombic 
needles  or  prisms,  sparingly  sohible  in  hot  water,  melting  at  127-4° 
and  sublimable.  It  forms  crystalline  salts  containing  1  equivalent 
ot  acid,  yellow  or  violet  in  the  soUd  state,  decomposed  by  water, 
iiy  distillation  with  sulphuric  acid  and  manganese  dioxide  it  is 
oxidised  to  quinone,  C^H.O^.  By  the  action  of  tin  and  hydrochloric 
acia,  It  IS  resolved  into  aniline  and  diamidobenzene. 

Diamid-azobenzene  or  Diphenine,  CioHgCNHJ.Na,  formed 
by  reduction  of  dimtro-azobenzene  mth  ammoiifum  sulphide,  is  a 
jeliow  crystalline  base,  dissolving  with  red  colour  in  acids,  resolved 
by  reducing  agents  mto  two  molecules  of  diamidobenzene  : 

«.i??'^^^°^®''^r ^'i^HisNs,  formed  by  the  action  of  ammonium 
IZ^t^v    °-    ?o'^"°i,-amalgam   on  azobenzene  or  azoxybenzene, 
d  ksoSf '  '"^1        P  '-^tf' having  a  peculiar  camphorous  odour.  I 
rnX  nt  l^r^  ^i"'  ""^TY  ^1^,^^^^^'  but  is  iilsoluble  in  water; 
vprlSl  5  '1^''*^  ^^"^"^ral  acids,  it  is  easily  con- 

verted into  the  isomeric  compound,  benzidine  or  diamidodiphenyl, 

•  ol  nv^i^Trir  "  ^  ^IPSENYL  COMPOUNDS).  By  the  action 
0  oxidismg  agents,  or  by  contact  of  its  alcoholic  solution  with  the 

b  to  0  Jlfr"^""!  azobenzene.    By  distillation  it  is  resolved 

into  aniline  and  azobenzene. 

/J«mtV%cZr«.o6«„.e„,,  Ci,H,o(NH,),N„  produced  by  the  action 
iilrat  140°''"''         ''''  metanitraniline,  forms  yeUow  neecUes  melt- 

tinf%°*?^'^®,''®'  ^'i'^^mN2,  formed  by  treating  an  alcoholic  solu- 
tion oi  nitrotoluene  with  sodium-amalgam,  with  occasional  addition 
0  acetic  acK ,  crystallises  in  orange-red  sliining  needles,  whicli  melt 
tlnf      r:,  without  decomposition.    It  is  insoluble  in 

water,  ddiite  acids,  and  alkalis,  but  dissolves  easily  in  alcohol  and 
ecner.  ireated  in  alcoholic  solution  with  sodium-amahrani  or 
ammomum  sulphide  it  is  converted  into  hydrazotolueue, 
CuHuBrN  yields  a  crystalline  addition-product, 
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Diaz  o- compounds. 

These  compounda,  the  structure  of  which  has  heen  already 
explained,  are  formed  hj  the  action  of  nitrous  acid  on  the  salts  of 
the  amido-derivatives  of  the  aromatic  hydrocarbons;  thus : 

CANH2.NO3H    +    NO.OH    =    CeH,.N2.N03    +    2B.,0 . 

Aniline  nitrate.  Diazobenztne 

nitrate. 

They  are,  however,  somewhat  unstable,  and  are  apb  to  be  decom- 
posed by  the  water  resulting  from  the  reaction,  especially  if  the 
liquid  is  hot,  with  evolution  of  nitrogen,  and  formation  of  hydroxyl- 
derivatives,  i.e.,  phenols : 

C6H5.N2.NO3    +    H,0    =    CoH,.OH    +  +  NO3H, 

Diazobenzene  PhenoL 
nitrate. 

the  final  result  being  the  same  as  if  the  nitrous  acid  acted  on  the 
aromatic  amido-compound  in  the  same  way  that  it  acts  upon  the 
amines  and  amides  of  the  fatty  series  (p.  215) : 

CeHg.NHa  +  NO.OH  =  CeH^.OH  +  H^O  +  N^. 

A  better  mode  of  preparing  the  diazo-compound  is  to  add  solution 
of  potassium  nitrite  to  a  solution  of  the  amido-compound  m  nitric 
acid : 

CbH6(NH2).N03H  +  NO,K  -f  NO3H  =  CeH5.N2.NO3 
-1-  NO3K  +  2H2O. 

Amido-compounds  in  which  the  hydrogen  of  the  NHj-group  is 
partly  or  wholly  replaced  by  alcohol-radicles,  generally  yield  the 
same  diazo-compounds  as  the  original  amido-derivatives,  the  alcohol- 
radicles  being  separated  in  the  form  of  alcohols : 

CA-NHCC^H^XNOaH  +  NO^H  =  CeH5.N2.NO3 + C2H5OH  +  H,0 

Etliyl-anHine  nitrate.  Diazo-benzene 

nitrate. 

CeH.,.N(C2He)2.N03H  +  NO^H  =  CeH5.N2.NO3  +  SC^H^OH. 

Diethyl-aniline  nitrate. 

Those,  on  the  conti-ary,  in  which  the  hydi'ogen  of  the  benzene- 
nucleus  is  partly  replaced  by  01,  Br,  NO,,  &c.,  yield  substituted 
diazo-compounds,  such  as  CeH.Cl.N^.NOg,  CeH4(N02).N2.N03,  &c. 

When  nitrous  acid  acts  upon  an  amido-compound  in  the  tree 
state  in  alcoholic  or  ethereal  solution,  the  product  is  a  diazo- 
amido-compound;  thus: 

N-CgHg 

2(C„H5.NH2)  +  NO2H  =   II  +  2H2O 

^  "   '  N-NHCCeHj) 
Aniline.  Piazo-amidobcnzene. 
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These  compounds  are  also  formed  by  the  action  of  amines  or  their 
salts  on  the  salts  of  diazo-compounds : 

C,H,.N2.N03  +  2(CeH,.NH,)    CeH,.N2.NH(C«H,)  +  C.H.N.NOsH 

C„H,.N,.OK  +  CeH,.(NH,).HCl  =  CeH,.N,.NH(C,H,)  +  KCl  +  H,0 . 

Bythis  reaction,  also,  mixed  diazo-amido-compoimds  may  be  obtained  • 
lor  example,  diazotoluene-amidobenzene,  C,H..N„.NH  CVH  from 
toluidine  and  a  salt  of  diazobenzene.  '    2  ^-n.^e-tis,  irom 

In  like  manner,  diazo-amido-compounds  may  be  formed  with  the 
prmiary  and  secondary  amines  of  the  fatty  series :  e.g., 

Z™tp""       Diethylamine.  Diazobenzene-  Die^hylamine 

clietliylaniine.  nitrate. 

The  diazo-compounds  are  mostly  colourless  crystalline  bodies, 
wnich  quickly  turn  brown  on  exposure  to  the  air.  They  dissolve 
easily  m  water,  sparingly  in  alcohol,  and  are  precipitated  from  the 
alcoholic  solutions  by  ether.  Most  of  them  are  very  unstable,  and 
decompose  with  explosion  when  heated  or  struck  They  suffer 
decomposition  also  under  the  influence  of  the  most  various  reagents 
generally  m  such  a  manner  that  both  the  nitiogen-atoms  are  elimin- 
ated m  the  gaseous  form,  and  the  diazo-group  is  replaced  bv  halogen 
elements,  hydrogen,  hydi-oxyl,  &c.  „  o 

1.  When  boiled  with  water,  they  yield  phenols: 

CeH^.N^-Br  -f  HgO  =  CeHg.OH  +        -f  HBr. 
With  hydrogen  sulphide  in  Uke  manner  they  yield  mercaptans . 

2  On  boiling  them  with  strong  alcohol,  the  N^-group  is  replaced 
by  hydrogen,  producing  benzene  or  a  homologous  hydrocarbon,  whUe 
the  alcohol  is  oxidised  to  aldehyde : 

CeH5.N,.N03  +  C,H,OH  =  C„H,  -f  NO3H  +  C^H.O. 

3.  The  platinochlorides,  formed  by  combination  of  the  diazo- 
chlondes  with  PtCl,,  are  decomposed  when  heated  alone,  or  better 
with  dry  sodium  carbonate  and  common  salt,  producing  chlo- 
rinated hydrocarbons,  which  distil  over: 

(C„H,.N2.Cl)2.PtCl,  =  2CoH,Cl  +  2^^  +  20^  +  Pt. 

4.  The  diazohromides  take  up  two  atoms  of  bromine,  forming  per- 

bromides,  such  as  CBPI,N2Br3,  or     |  ,  which  are  lilcewise 

-  BrN— Br 

decomposed  by  dry  distillation,  or  more  readily  by  boiling  with 
strong  alcohol,  yielding  monobromo-derivatives  of  the  hydi-ocarbons : 

C0H6.N2.Br3  =  CoHgBr  -t-  Br^  +  . 
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5.  The  sulphates  and  other  oxy-salts  of  the  diazo- compounds, 
hoiled  with  hydriodic  acid,  yield  iodine-derivatives: 

CeH5.N2.SO,H  +  HI  =  C,B.,l  +        +  SO^H^ . 

Diazo-corapounds  containing  chlorous  radicles  (CI,  Br,  NO,,  &c.) 
in  the  henzene-nucleus  undergo  exactly  similar  decompositions; 

''^■'CoH,Br.N2.N03  +  H^O  =  CeH,.Br.OH  +        +  NO3H 

Diazo-bromobenzeue  Broraoplienol. 
nitrate. 

CeH3Cl2.N,.Br3    =    CoH3Cl2Br    +    Br^  + 

Diazo-diclilorobenzene  Bromoilichloro- 
perbromide.  benzene. 

The  reactions  1,  3,  4,  and  5  afford  the  means  of  converting  an 
aromatic  amido-derivative  (and  therefore  also  a  nitro-denvative), 
through  the  medium  of  the  diazo-compoimd,  into  the  correspond- 
intr  halogen-  and  hydroxyl-derivatives  ;  and  this  mode  of  trans- 
formation, known  as  the  "  diazo-reaction "  serves,  as  already  shown 
in  several  instances,  to  determine  the  relative  positions  of  the 
substituted  radicles  in.  these  derivatives  (p.  436). 

The  diazo-amido-compounds,  which  may  be  regarded  as  formed 
hy  the  union  of  diazo-  and  amido-derivatives,  undergo  similar  trans- 
formations. They  are  first  resolved,  under  the  influence  of  hydro- 
hromic  or  hydrochloric  acid,  &c.,  into  their  components,  a  diazo- 
and  an  amido-derivative ;  the  latter  then  separates  out  either  in 
the  free  state,  or  as  a  salt,  and  the  diazo-compound  is  transformed 
in  the  manner  above  described    thus  : 

CoH5.N2NH(CeH5),  +  2HBr  =  CeH^Br  +  +  CA(^'H2).HBr 
CoH5.N2.NH(CcH5)  +   H,0  =  C0H5OH  +  -^2  +  CeHj.NHj  . 

Diazobenzene-compounds. — The  nitrate,  CBH5.N2.NO3,  is 

prepared  by  passing  nitrous  acid  vapour  into  a  flask  containing 
aniline  nitrate  moistened  with  a  small  quantity  of  water  and  cooled 
with  ice,  till  the  whole  is  dissolved,  and  the  solution  no  longer  yields 
aniline  when  mixed  vrith  potash.  On  filtering  the  liquid,  and 
adding  alcohol  and  ether,  the  diazobenzene  nitrate  separates  as  a 
crystalline  mass,  which  may  be  piu-itied  by  redissolution  in  a  small 
quantity  of  cold  water,  and  precipitation  by  alcohol  and  ether. 

Diazobenzene  nitrate  forms  long  colourless  needles,  extremely 
soluble  in  water,  slightly  soluble  in  alcohol,  insoluble  in  ether  and 
in  benzene.  It  is  tolerably  permanent  when  dry,  but  gradually 
turns  brown  on  exposure  to  moist  aii-.    It  explodes  -sdolently  when 

heated.  .  . 

Tlie  sulphate,  C„H5.N,.S04H,  is  prepared  by  passing  nitrous  acid 
into  aniline  sulphate  dissolved  in  water  containing  sulphuric  acia, 
or  better,  by  decomposing  the  nitrate  with  sulphuric  acid.    It  torms 
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'  ''f^Ti^''  1'"'"'^  ^''^^ily  ^o^^^l^le  in  water,  exploding 

.  at  iOO".  ^ 

The  bromide,  CoHg.N^.Br,  separates  in  white  laminEe  on  gradually 
:  adding  bromine  dissolved  in  ether  to  an  ethereal  solution  of  diazo- 
amidobenzene,  while  tribromanilirie,  which  is  formed  at  the  same 
1  tune,  remains  in  solution. 

The  perbromide,  C,R,.l^,.Bv„  is  formed  by  mixing  an  aqueous 
solution  of  the  mtrate  with  a  solution  of  bromine  in  hydrobromic 
.  acid  or  sodium  bromide,  and  separates  as  a  dark-brown  oil,  which 
:  soon  solidifies  to  a  crystallme  mass.  When  recrystalHsed  by  solution 
:  m  cold  alcohol,  and  rapid  evaporation  in  a  vacuum,  it  may  be  ob- 
I  tamed  in  large  yeUow  lamina,  insoluble  in  water  and  ether 
1  moderately  soluble  in  cold  alcohol.  By  prolonged  washing  with 
I  ether,  it  is  converted  into  the  mouobromide. 

The  cJiloride  G,R,.i^fil,  is  obtained  in  solution  by  agitating  a 

•  solution  ot  the  bromide  with  moist  silver  chloride 

The  platinochloride,  (C«H5N2Cl)2PtCl„  is  precipitated  in  yellow 
;  prisms  on  adding  a  solution  of  platlnic  chloride  to  a  solution  of  tiie 
:  nitrate  or  sulphate. 

Biazobenzene-potassium,  C8H5.N2.OK,  separates  on  adding 
caustic  potash  to  a  solution  of  the  mtrate,  as  a  yellow  Kquid 

•  which,  when  evaporated  over  the  water-bath,  crystallises  in  white 
;  nacreous  lammffi,  easily  soluble  in  water  and  in  alcohol  The 

aqueous  solution  quickly  decomposes,  and  when  mixed  with  silver 
:  nitrate,  yields  a  grey  precipitate  of  CeHgN^.OAg,  and  similar  precipi- 
:  tates  with  mercury,  lead,  zinc,and  other  me"tals.  On  adding  acetic  acid 

to  a  solution  of  the  potassium  compound,  a  heavy  oil  is  precipitated, 
[probably  consisting  of  diazobenzene  hydroxide,  CeH5.N2.OH. 

Diazo-amidobenzene,  QH5.N2.NH.CeHg,  is  formed  by  the 
1  action  of  nitrous  acid  on  aniline  dissolved  in  alcohol ;  also  by  mix- 
ing a  solution  of  diazobenzene  nitrate  with  aniline  ;  and  by  o-radualiy 
pouring  a  cooled,  slightly  alkaline  solution  of  sodium' nitrite  on 
laniline  hydrochloride.    It  crystallises  iu  goldeu-yeUow  shinino- 
lammffi,  melts  at  91°,  and  detonates  at  a  higher  temperature.  It 
IS  insoluble  m  water,  easily  soluble  in  ether,  benzene,  and  hot 
1  alcohol.    By  nitnc  acid  containing  nitrous  acid,  it  is  converted  into 
Icliazobenzene  nitrate;  by  .strong  hydrochloric  acid  into  aniline 
ihy(  rochloride,  phenol,  and  nitrogen— The  alcoholic  solution  mixed 
'Sdishr^  ^Jjtrate  deposits  the  compound  CeH5.N2.NAg.CeH5,  in 

Diazo-amidobenzene  does  not  unite  with  acids,  but  its  alcoholic 
'Solution  mixed  with  a  solution  of  platinic  chloride  in  hydrochloric 
acid  yields  the  platinochloride  (Ci2HnN3.HCl)2.PtCl4,  in  reddish 
I  needles. 

Diazo-amidobenzene  in  alcoholic  solution,  especially  if  in  con- 
tact with  a  small  quantity  of  aniline  hydrochloride,  gradually 
changes  into  the  isomeric  compound  amidazobenzene 
C8H5.N=N.CeH,.NH2  (p.  467). 
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Diazohenzene-dimethylcmide,  CeHj;.N2.N(CH3)2,  formed  hj  mixing 
the  aqueous  solutions  of  diazobenzeue  nitrate  and  dimethylamine, 
is  a  yellow,  oily  liquid,  having  weak  basic  properties,  and  form- 
tmstable  salts,  which  in  aqueous  solution  are  easUy  resolved  into 
phenol,  nitrogen,  and  salts  of  dimethylamine. 

Biazobenzene-ethijlamide,  CqB.^-'N ^.l^iB.iCJB.^),  resembles  the  di- 
methyl-compoimd,  and  is  formed  in  a  sinular  manner. 

Diazohenzenimide,    GMrS^,    probably  CeHg— N—  N  is 

formed  by  the  action  of  aqueous  ammonia  on  diazobenzene  per- 
bromide  : 

CeHgNaBrg  +  4NH3  =  SNH^Br  +  CgHgNs.  * 

It  is  a  yellow  oil,  insoluble  in  water,  distilling  without  decomposi- 
tion in  rarefied  air  and  in  vapour  of  water,  dissolving  without 
alteration  in  nitric  and  sulphuiic  acid.  Treated  in  alcoholic  solu- 
tion with  zinc  and  hydrochloric  acid,  it  is  resolved  into  ammonia 
and  aniline  :  ' 
+  4H2  =  2NH3  +  CA.NHa. 

The  diazo-compounds  of  higher  orders,  e.g.,  diazotoluene  nitrate, 
C7Hj.N2.NO3,  diazo-amidotoluene,  C7Hj.N2.NH.C;H7,  &c.,  are 
analogous  to  the  diazo-benzene  compounds ;  but  they  have  not 
been  much  examined.  I 

  I 

f 

HTDEAZIN-COMPOUNDS. 

Phenyl-hydrazin,  CoHgNg  =  CeHg— NH— NH2.— When 

diazobenzene  nitrate  is  added  to  a  cold  solution  of  acid  potassium 
sulphite,  the  liquid  solidifies  to  yellow  crystals  of  potassium  diazo- 
benzene sulphonate,  CeH5N2S03K  or  CsHg— N=N— SO3K  ;  this 
salt,  heated  on  the  water-bath  with  excess  of  acid  potassium  sulphite, 
is  converted  into  colourless  phenyl  hydrazinsulphonate, 
CgHg— NH— NH— SO3K,  which  is  also  formed  by  heating  the 
former  salt  with  zinc-dust  and  hydrochloric  acid  ;  and  this  colour- 
less salt  heated  with  hydrochloric  acid  yields  the  hydrochloride 
of  phenyl-hydrazin,  according  to  the  equation  : 

CeH6.N2H2.SO3K  +  HCl  +  H2O  =  CflH5.N2H3.HCl  +  SO^Kfi. 

It  is  more  easily  obtained  (together  -with  aniline  or  diethylaniine), 
by  treating  an  alcoholic  solution  of  diazo-amidobenzene  or  diazo- 
benzene-diethylamine  with  zinc-dust  and  acetic  acid. 

Phenylhydrazin  is  a  yellow  oil,  M'hich  solidifies  at  low  temper^ 
tures  to  a  crystalline  mass,  melting  at  23°,  and  boiling  at  233°-234°. 
It  dissolves  sparingly  in  cold  water,  more  readily  in  hot  water,  very 
easily  in  alcohol  and  ether.  It  possesses  strong  reducing  properties, 
and  is  a  mono-acid  base,  forming  well -crystallised  salts.    Its  hydro- 
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cliloiide,  treated  with  potasshim  nitrite,  yields  the  nitroso-com- 
pound  CuH5.N(NO).NH2,  which,  when  heated  with  water,  is  con- 
verted into  diaiiobenzenimide,  CgHgNg.  The  nitroso-compound, 
treated  with  phenol  and  strong  sulphuric  acid,  yields  a  browii 
solution,  changing  to  green  and  blue  (Liebermann's  reaction,  p.  480). 


SULPHO-DERIVATIVES. 

The  sulpho-acids  of  the  aromatic  hydrocarbons  are  easily 
fornied  by  the  direct  action  of  sulphuiic  acid,  concentrated  or 
fuming,  on  these  hydrocarbons  ;  thus  : 

CeHg    +    SO.H^    =    C6H5.SO3H      +  H2O; 

Benzenesulplionic 
acid. 

C^He    +  2SO,H2    =    C(.H,(S03H)2  +  SH^O. 

Benzene-disulplionic 
acid. 

In  this  respect  they  differ  from  the  sulpho-acids  of  the  fatty  group, 
which  can  be  formed  only  from  sulphites  or  from  thio-alcohols 
(p.  113). 

The  aromatic  hydrocarbons  treated  with  sulphuric  anhydride 
yield  sulphoxides  : 

2CeH,    +    SO3    =    (CgHJ^SOa    +  H^O. 

Benzene- 
Bulplioxide. 

The  sulpho-acids  treated  with  phosphorus  pentachloride,  or  their 
salts  treated  with  the  oxychloride,  yield  the  sulphochlorides  or 
chloranhydrides  of  the  sulphonic  acids  ;  e.g., 

CeH5.SO2.OH     -f-  PCI5     =  CeH5.SO2.Cl  +  POCI3  +  HCl; 

3(CeH5.S02.0K)  +  POCI3  =  3(CeH5.S02.Cl)  +  FO,K, ; 

and  the  sulphochlorides  treated  with  sodium-amalgam  in  ethereal 
solution,  are  converted  into  sulphinic  acids  (p.  114) : 

CeH5.SO2.Cl   -t-    H2   =    CeHj.SOjH   +  HCl. 

The  sulphinic  acids,  or  rather  their  zinc-salts,  are  also  formed  by 
the  action  of  the  zinc-compounds  of  the  alcohol-radicles  on  the 
sulpho-chlorides ;  e.g., 

2(CeH5.S02.Cl)  -f-  ZnCCaHs)^  =  2C2H5CI  +  (CeH5S02)2Zn . 

By  zinc  and  hydrochloric  acid,  on  the  other  hand,  the  sulpho- 
chlorides are  reduced  to  hydrosulphides  or  thiophenols  : 

CeHg.SOaCl  -f  3H2  =  CeHg.SH  +  2llfi  +  HCl. 

The  aromatic  sulpho-acids,  like  those  of  the  fatty  group,  are  very 
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Stable  compounds,  not  decomposed  by  boiling  with  alkalis.  By 
fusion  with  caustic  alkalis  they  yield  phenols  : 

CeHg.SOaK  +  KHO  =  CeHg.OH  +  SOgK^. 

By  distillation  -with  potassium  cyanide  (or  the  diy  ferrocyanide), 
they  yield  nitrils  : 

C0H5.SO3K  +  CNK  =  C0H5.CN  +  SO3K2. 

The  free  acids  subjected  to  dry  distillation  yield  hydrocarbons; 
benzene-sulphoxide,  or  its  homologues,  being  formed  at  the  same 
time ;  thus  : 

CeH^.SOgH  =  CeHfi  +  SO3, 

and 

+  SO3  =  {0,^,\^0^  +  H2O. 
The  sulphonic  acids  of  the  substituted  hydrocarbons  are  obtained 
by  the  action  of  sulphuric  acid  on  these  bodies,  or  by  the  action  of 
halogens,  or  of  nitric  acid,  on  the  sulpho-acids  of  the  primary  hydi-o- 
carbons  ;  in  the  latter  case  the  sulpho-group  is  also  frequently 
replaced.  The  sulpho-group  may  also  be  replaced  by  chlorme,  by 
heating  a  sulpho-acid  or  sulphochloride  with  phosphorus  penta- 
chloride  : 

CeH^CLSO^Cl  +  PCI5  =  CcH^Cl^  +  POCI3  +  SOCI2. 

Benzenesulphonic  Acid,  CeHg.SOgH,  is  produced  by  heat- 
ing benzene  with  an  equal  weight  of  ordinary  sulphuric  acid.  On 
diluting  the  resulting  solution  with  water,  neutralising  with  barium 
or  lead  carbonate,  decomposing  the  resulting  barium  or  lead-salt 
with  sulphuric  acid,  or  hydrogen  sulphide,  and  evaporatmg  the 
filtrate  to  the  crystallising  point,  benzenesulphonic  acid  is  obtained 
in  small  deliquescent  tabular  crystals,  containing  CgHj.SOgHjf 
l^HgO,  easily  soluble  in  water  and  in  alcohol.  By  dry  distil- 
lation it  yields  benzene ;  by  fusion  with  potash,  phenol.  Its 
barium  salt,  (GeH5S03)2Ba-fH20,  forms  nacreous  plates,  easily 
soluble  in  water.  The  zinc-salt,  (C8H5S03),Zn-l-6H20,  crystallises 
in  six-sided  tables.  The  ethxjlic  ether,  C^,H5S03.C2H5,  obtained  by 
heating  the  lead  salt  to  100°  with  ethyl  iodide,  forms  slender  needles, 
decomposed  by  boiling  with  water. 

Be7izene- sulphochloride,  Cgllg.SOjCl,  separates,  on  gently 
warming  an  intimate  mixture  of  sodium  benzenesulphonate  and. 
phosphorus  pentachloride,  and  then  shaking  it  up  yvith  water,  as  a 
colourless  oil  having  a  specific  gravity  of  1-378  at  23°,  boiling  with 
partial  decomposition  at  246°-247°,  and  solidifying  below  0°  in  largft 
rhombic  crystals.  Boiling  water  slowly  decomposes  it  into  benzene- 
sulphonic and  hydrochloric  acids. 

Benzenesulpliamide,  CoHf,.S02.NH2,  formed  by  treating  the 
sulphochloride  with  ammonia  or  ammonium  carbonate,  crystal- 
lises from  alcohol  in  nacreous  laminse  meltijig  at  149°.  Silver 
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nitrate  added  to  its  alcoholic  solution  throAvs  down  the  compoimd 
CfiH^SOo.NHAs.  ^ 


Benzenesulphinic  or  Benzenesulphurous  Acid,  CgHg.SO  .OH 
formed  by  the  action  of  sodium-amalgam  on  the  ethereal  solution 
of  benzenesulphonic  acid,  crystallises  from  hot  water  in  large  shin- 
ing prisms,  easily  soluble  in  alcohol  and  ether,  melting  at  69°,  and 
decomposing  at  100°.  With  chlorine  or  bromine  it  forms  benzene- 
sulphochloride  or  bromide,  and  is  converted,  slowly  by  exposure  to 
the  air,  quickly  by  oxidising  agents,  intO'  benzenesulphonic  acid. 
The  silver  salt,  CeHj.SO^.Ag,  is  slightly  soluble  in  water. 

Phenyl  Sulphoxide  or  Sulphobenzide,  (CeH5),S402,  is  formed 
by  dry  distillation  of  benzenesulphonic  acid,  by  oxidation  of  phenyl 
sulphide,  (0^115)28,  and  by  the  action  of  fuming  sulphm-ic  acid  or 
sulphuric  anhydride  on  benzene.  It  is  very  slightly  soluble  in 
water,  crystallises  from  alcohol  in  plates,  melts  at  128°-129°,  and 
distils  without  decomposition.  By  heating  with  strong  sulphuric 
acid.  It  is  converted  into  benzenesulphonic  acid,  (CeH5)2S02-l-SO^H2 
-^(C'gHs.SOgH)  ;  and  when  heated  with  phosphorus  pentachloride 
or  m  a  stream  of  chlorine,  it  is  decomposed,  with  formation  of 
chlorobenzene  and  benzenesulphochloride : 

(CTO^SO^  +  CI2  =  CoHsCl  +  CeHj.SO^Cl. 

The  action  of  chlorine  in  sunshine  also  converts  it  into  chloro- 
benzene and  its  products  of  addition. 

Phenyldisulphoxide,  {GaIL^)^S^02,  produced,  together  with 
benzenesulphonic  acid,  by  heating  benzenesulphinic  acid  with 
water  to  130°,  crystallises  in  long  shining  needles,  melting  at  100°, 
insoluble  in  water,  easily  soluble  in  alcohol  and  ether. 

Chloro-,  Bromo-,  lodo-,  Nitro-,  and  Amido-benzenesul- 
I  phonic  Acids,  CoH^Cl.SO^H,  &c.— The  sulpho-acids  formed  by 
dissolving  OcHgCl,  C,U,Bv,  C,R,1,  and  CeHgNH^,  in  slightly  fum- 
ing sulphuric  acid,  belong  chiefly  to  the  para-series  (1  :  4),  e.g., 
Lg.feOgH.H.H.Br.Hj;  nitrobenzene,  on  the  other  hand,  yields  by 
siinilar  treatment  a  product  consisting  also  wholly  of  meia-nitro- 
benzenesulphonic  acid,  Co.SOg.H.NOa.Hg.  The  action  of  bromine 
or  nitric  acid  on  benzenesulphonic  acid  yields  hkewise  a  product 
consistmg  chiefly  of  the  meta-acid.  All  these  bodies  are  strong 
monobasic  acids,  which  mostly  crystallise  well,  dissolve  easily  in 
water,  and  yield  well  crystallised  salts,  chlorides,  and  amides. 

Pam-amidohenzenesulphonic  acid,  long  known  by  the  name  of 
aplphanilic  acid,  is  produced  by  the  action  of  sulphuric  acid  on 
anili!!^'  ^^^^      clistillation  of  phenolsulphate  or  of  ethylsulphate  of 


■OC2H,  riTT^rr     ,  r.TT.^NH, 
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It  crystallises  from  water  in  rhombic  tables  containing  one  mol. 
H,0  ;  yields,  by  oxidation  with  chromic  acid  or  with  manganese 
dioxide  and  sulphuric  acid,  a  large  C[uantity  of  quinone,  C^Ufi^; 
and  is  converted  by  nitrous  acid  iiito  diazobenzene-sulphonic 

acid,  CgH^^li^L-^^ ,  which  crystallises  from  hot  water  in  colour- 
less needles  ;  detonates  with  great  violence,  and  is  converted  into 
benzenesulphonic  acid  by  heating  with  absolute  alcohol,  and  into 
sulphanilic  acid  by  the  action  of  hydrogen  sulphide. 

SO  H 

Benzenedisulphonic  Acids,  CgH4  -<go^H  -""^^^ 
parci-modifications  of  this  acid  are  obtained  by  heating  benzene- 
sulphonic acid  vnth  fuming  sulphuric  acid,  or  more  readily  b^ 
passing  benzene  vapour  into  ordinary  sulphuric  acid  heated  to  240  . 
They  are  both  very  soluble  in  water,  but  may  be  separated  by 
fractional  crystallisation  of  their  potassium  salts.  The  meta-Sicii, 
which  is  the  principal  product,  yields  a  chloride,  C6H4(S02C1)2, 
melting  at  63°  and  an  amide,  CbH4(S02.NH2)2,  melting  at  229°, 
By  distillation  with  potassium  cyanide,  it  yields  a  dicyanide, 
C(.H4(CN)2,  melting  at  156°,  and  convertible  by  the  action  of 
alkalis  into  metaphthalic  or  isophthalic  acid,  CgH4(C02H)2. 

Parabenzenedisulxilionic  acid  forms  a  chloride  melting  at  131°,  and 
an  amide  melting  at  288°.  By  distillatioji  with  potassium  cyanide 
it  yields  a  dicyanide,  melting  at  222°,  and  convertible  into  tere- 
phthaUc  acid,  CcH4(C02H)2  (1 :4). 

Benzenetrisulphonic  Acid,  CpH3(S03H)3.— The  only  known 
modification  of  this  acid  is  obtained  by  heating  a  mixture  of 
10  parts  benzene,  70  fuming  sulphuric  acid,  and  40  phosphoric  an- 
hydiide  in  sealed  tubes  to  280°-290°.  Separated  from  its  lead  salt 
by  hydrogen  sulphide,  it  crystallises  in  long  flat  needles  containing 
3  mol.  H2O.* 

Toluenesulphonic  Acids,  CeH4<g^|j  .—The  para-  and 

ori/io-modifications  are  produced  simultaneously  by  dissohdng 
toluene  in  slightly  fuming  sulphm'ic  acid,  and  may  be  approxi- 
mately separated  by  fractional  crystallisation  of  their  pot^issium 
salts,  the  para-salt  separating  out  "first,  and  crystallising  easily  in 
large  transparent  six-sided  tables  or  prisms  containing  1  mol.  H2O. 
The  ortho-salt  separates  from  the  mother-liquor  mixed  with  para- 
salt,  from  which  it  is  not  easily  pm-ified.  The  ^ara-acid  crystallises 
in  deliquescent  scales  containing  1  mol.  HjO.  Its  chloride, 
C7H7(S02C1)2,  melts  at  69°.  The  amide,  C7H-(S02NH2)2  at  137°. 
Fused  with  potash  it  yields  paracresol,  CoH4(CH3).OII,  and  a 
small  quantity  of  paraoxybenzoic  acid. — The  ortho-ncid,  which 
may  be  obtained  pure  by  decomposing  its  amide  Mith  nitrous  acid, 
is  liquid.    Its  amide  crystallises  from  hot  alcohol  in  shining  octo- 

*  Koerner  e  Monselise,  Gazzetta  cMmica  italiana,  1876,  p.  133. 
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hedrons,  melting  at  153°-154°.  The  acid  fused  with  potash  yields 
ortho-cresol  and  ortho-oxybenzoic  (salicylic)  acid. 

Metatoluenesulphonic  acid,  CVCH3.H.SO3H.H3,  is  obtained  by  the 
action  of  sodium-amalgam  on  the  orthochloro-  (or  bromo-)  toluene- 
siilphonic  acid,  Cg.CHg.Br.SOsH.H,,  which  is  formed  by  dissolving 
oi'tliochloro-  (or  bromo-)  toluene  in  sulphuric  acid.  It  is  crystal- 
Hue.  Its  chloride  is  a  liquid  not  solidifying  at  -10°  ;  the  amide  is 
crystalline,  ajid  melts  at  91°-92°. 

A  large  number  of  substituted  toluenesulphonic  acids  have  been 
obtained  by  dissolving  chlorotoluene,  bromotoluene,  &c.,  in  sul- 
phuiic  acid.  Para-  and  ortho-toluenesulphonic  acid  heated  with 
funung  sulphuric  acid  yield  two  modiBcations  of  toluenedisul- 
phonic  acid,  CeH3(S03H)2.CH3 . 

Benzylsulphonic  Acid,  CbH5.CH2(S03H).— The  potassium- 
salt  oi  this  acid  is  formed  by  heating  benzyl  chloride  with  a  strono- 
solution  of  potassium  sulphite.  " 


AROMATIC  ALCOHOLS, 

The  substitution  of  OH  for  H  in  benzene  gives  rise  to  mono-  di- 
and  tri-atomic  derivatives  of  alcoholic  character,  viz.  :  '  ' 

CeH,(OH)  C«H,(0H)2  CeH3(OH)3. 

In  toluene  and  the  higher  homologues  of  benzene  the  substitution 
may  take  place  either  in  the  principal  or  in  the  lateral  chains,  o-iv- 
mg  rise  to  metameric  compounds :  thus  from  toluene,  CpH,  CH,  are 
derived  ^   0  a  6> 

CoH,(OH).CH3  CoH,.CH,OH, 

Cresol.  Benzyl  alcohol. 

and  from  xylene,  Cq}I^(CHs)2  ■ 

C.H.(OH,<gH.       ■  C.H.<CH.^jj 

Xylenol.  Xylyl  alcohol. 

■  Those  compounds  in  which  tlie  substitution  takes  place  in  the  lateral 
;  chains,  are  primary  alcohols,  containing  the  group  CHgOH,  and, 
iiKe  the  corresponding  alcohols  of  the  fatty  series,  are  convertible  by 
oxidation  mto  aldehydes  and  acids  containing  the  same  number  of 
carbon-atoms,  and  readily  exchange  their  OH  group  for  CI,  Br,  NHj, 
'  ^r^^P  ™^  *°  haloid  derivatives  and  amines.  Those,  on  the 
^  other  hand,  m  which  the  OH  is  situated  in  the  principal  chain,  are 
'  V  ^"'^^^^i^^le  by  oxidation  into  aldehydes,  ketones,  or  acids,  in 
'  ^^ch  respect  thev  are  analogous  to  the  tertiary  alcohols. 

Ihese  latter  compounds,  including  the  hydroxy  1-derivatives  of  ben- 
zene, are  called  Phenols.  They  are  susceptible  of  isomeric  modifica- 
nons,  according  to  the  orientation  of  the  substituted  radicles  in  the 
oenzene-nucleus. 
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Monatomic  Phenols. 

These  compounds  are  produced:  1.  By  the  action  of  nitrous  acid: 
on  aniline  and  its  homologues  in  aqueous  solution : 

CeHs.NHa  +  NO.OH  =  CcH,.OH  +  + 

2.  By  decomposing  the  diazo-compounds  with  water,  the  sul- 
phates being  the  best  adapted  for  the  purpose  (p.  469). 

3.  By  fusing  the  aromatic  sulphonic  acids  with  caustic  alkalis : 

CeH,<gg^«j^    +    KOH    =    SO3K2   +  0,H,<rgg3. 

Toluene-sulplionate.  Cresol. 

4.  By  distilling  the  salts  of  aromatic  oxy-acids  with  Hme . 

CoH,(OH).C02H    =    CO2    +  CsHg.OH. 

Oxybenzoic  acid.  Phenol. 

5.  By  the  dry  distillation  of  complex  organic  substances,  such  as. 
wood  and  coal. 

The  phenols  exhibit  acid  as  weU  as  alcoholic  characters.  Wheni 
treated  with  metallic  oxides,  especially  those  of  the  alkali-metals,  • 
they  readily  exchange  their  hydroxylic  hydrogen  for  metals,  fomi-i 
ing  metallic  salts,  and  these,  when  acted  upon  by  alcoholic  iodides,: 
are  converted  into  phenolic  ethers  ;  e.g., 

CeHj.OK    +    CH3I    =    KI    +  CgHs.O.CHj. 

Potassium  Methyl-phenol, 
phenate. 

Phenolic  ethers  containing  acid  radicles,  such  as  CgH.-.O.OCjHjO,] 
are  formed  by  the  action  of  the  chlorides  of  such  radicles  on  the. 
phenols  and  their  metallic  derivatives.  . 

By  the  action  of  the  halogen-compoimds  of  phosphorus,  thei 
phenols  are  converted,  by  exchange  of  their  OH-group  fori 
CI,  Br,  &c.,  into  halogen-derivatives  of  hydrocarbons,  such  as 
CgHjCl.  By  phosphorus  pentasulphide,  they  are  converted  into 
thiophenols: 

5CA(0H)  +  =  PA  +  5C6H,(SH). 

By  heating  with  zinc-dust  they  are  reduced  to  hydrocarbons. 

By  treatment  with  chlorine,  bromine,  iodine,  nitric  acid,  and 
sulphuric  acid,  the  phenols  are  converted  into  halogen-,  nitro-,  and 
sulpho-derivatives,  by  exchange  of  one  or  more  atoms  of  hydi'Ogeu 
in  the  benzene- nucleus  for  01,  Br,  I,  NO,,  or  SO3H  ;  thus: 

CHgOH    +  OI2 
OflHj.OH   +  SO^Ha 


=    HOI    +  C^HjOLOH. 

Chloroplienol. 

=     H2O     -f  C(,Hj<g^jj. 

Phenolsuli)honic 
acid. 


PHENOL.  ^'jQ 

Phenols  treated  with  metallic  sodium  and  carbon  dioxide  are 
converted  into  salts  of  aromatic  oxy-acids :  tuoxicie  aie 

+  =  W(OH).CO,H. 

^  Oxybenzoic  acid. 

•  monatomic  phenols  at  present  known  contain  6  7  8  and 

10  atoms  of  carbon.  ">  '>  o  ana 

Six-carbon  Phenol,  or  simply  Phenol,  CH  0-0  TT  OPT 

-Phenyl  alcohol  Phenic  acid,  CcZl  acid,  Coalt  fec^^ot^^^S^ 
compouiKl  IS  produced  :  1  By  the  action  of  nitrous  acid  on  aniline 

2.  By  the  dry  distiUatiou  of  salicylic  (ortho-oxybenzoic))  ac?d 
It  maybe  conveniently  prepared  by  heating  crystallised  salicylic 
a^id^trongly  and  quickly  in  a  glass  retort^either  alone  ormked 
mthpoimdedg  ass  or  quicklime.    Phenol  then  passes  over  nto 
the  receiver  and  crystallises  ahnost  to  the  last  dro^ 

3.  Phenol  IS  produced  in  the  dry  distiUation  of  coal,  and  forms 
he  chief  constituent  of  the  acid  portion  of  coal-tar  oil  /  this  s  the 
source  from  which  it  is  most  frequently  obtained.    Crude  coal  tar 

liZtl'T^  ^''^  "  "^""''^.^  °^  siaked^lime  and  wate™  the  whrfc 
bemg  left  for  a  considerable  time  ;  the  aqueous  liquid  semrated 
from  he  unclissolved  oil  is  decomposed  b}  hycbochbric  ackWd 

Fmfied  V  cautLusSi^^^^^^ 
the  first  third  only  being  coUected.  Or  the  coal-tar  oil  is  subfected 
to  distillation  m  a  retort  fiu-nished  with  a  thermometei-  and  the 
portion  which  passes  over  between  the  temperature  of  5o"  and 
ItL  '^fl"^''^  T'^-  P^^^^^'^*  i«  ^^^^  mixed  with  a  hot 

whiH^h        '"'^T.^f  P°*''^'^^'  ^^^^  left  to  stand,  whereby  a 

action  of  vvater,  is  resolved  into  a  light  oily  liquid  and  k  dense 
alkaline  solution.    The  latter  is  withdrawn  by  a  siphon  decom 

conn  t  ^•^/'^'r^^°"\^^^^l'  ^"^1  tl^e  ^eP'^ted  oi/  p"Sfi  d  by 
contact  with  calcium  chloride,  and  redistiUation.  Lasfly  it  ex^ 
posed  to  a  low  temperature,  and  the  crystals  formed  are  Ibained 
P'e  Zfr'"^f ^^^^  P--^^^^  fZth'aii?'"""' 
haying  ■FiTf^r''^^  ^^''^  l""  colourless  prismatic  needles, 

atS  .  r"^*^  f  ^'"f^'  ""''^^^S  at  40°-41°,  and  boiling 
tarn;  r  l  ■  ^«°^™ercial  product  forms  a  crystalline  mass,  which 
?Ses  tot  If  "^v'  '^'r^  contactSvith  moist  air  deli- 
SmL  1 f"^"  ^''^T^-     Phenol  has  a  penetrating  odour,  a 

^s  exuts  an  antiseptic  action,  and  has  been  successfully  used  by 
solved  ?n  f  °l  '^estroymg  the  infection  of  cattle-plngue.  It  dis- 
Svin  /"Ti*  ^'^Pf*'^  °f  ^'-^terat  ordinaiy  tcmpenitures,  very 
ea  J'y  m  alcohol  and  ether.  Sulphur  and  iodine  dissofve  in  it ;  nitrij 

S^^odS^'  nil  f  T"^  '"""'^'^  ^"'^1'  energy,  forming  substitu- 
snlr,]^  •  -'/^^l  ^^'^h  ^''^  of  <'icid  character.  W?th  stron-r 
Buipmmc  acid  It  forms  ])henolsuIi)honic  acid,  C,,H,(OI-T)  SO  H 
The  aqueous  solution  is  coloured  violet  by  ferric  Chloride,  and  stains 
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a  deal  shaving  of  a  fine  bkie  coloiir.  With  hromine-water,  even 
when  very  dilute,  it  forms  a  white  precipitate  of  tnbromophenoL 

On  adding  phenol  to  nitric  acid  containing  nitrous  acid,  or  to  a 
solution  of  potassium  nitrite  (6  per  cent.)  in  strong  sulphuiic  acid,  a 
brown  colour  is  produced,  changing  to  green,  and  ultimately  to  a  fine 
blue  (Liebermann's  reaction).  Fine  colours  are  produced  m  hke 
manner  with  other  phenols,  mono-  and  poly-atomic;  also  by  phenols 
in  presence  of  sulphuric  acid  with  diazo-  and  nitroso-compounds. 

Phenates.— Phenol  dissolves  in  alkalis,  forming  salts  which  are 
difficult  to  obtain  in  definite  form.  Potassium  joUnate,  CgH^KO, 
obtained  by  heating  phenol  with  potassium,  or  with  solid  potassium 
hydroxide,  crystallises  in  slender  white  needles.  On  heating  this 
potassium-compound  with  iodide  of  methyl,  ethyl,  or  amyl,  ethers 
are  produced— viz.,  methyl  phenate  or  anisol,  CgHgOCHj ;  ethyl 
phenate  or  phenetol,  G^UpC^B.^,  and  amyl  phenate  or  phenamylol, 
C  H  OCgHn.  These  bodies  resemble  the  mixed  ethers  of  the  ordi- 
nary alcohols  (p.  110)  in  composition  and  mode  of  formation,  but 
difl'er  greatly  from  them  in  their  behaviour  with  sulphuric  and 
nitric  acids,  with  which  in  fact  they  behave  just  like  phenol  itself, 
forming  substitution-products  possessing  acid  properties. 

Methyl  Phenate  or  Anisol,  C7H80  =  C6H5.0.CH3,  is  also  pro- 
duced, with  evolution  of  carbon  dioxide,  by  distilling  methyl-sak- 
cylic  acid  or  anisic  (methyl-paraoxy benzoic)  acid  with  baryta: 

C6H,(OCH3).C02H  =  CO2  +  C0H5.O.CH3. 

Anisol  is  a  colourless,  very  mobile  liquid,  having  a  pleasant 
aromatic  odour,  a  density  of  0-991  at  15^  and  boihng  without 
decomposition  at  152°.  It  dissolves  completely  m  strong  sid- 
phuric  acid,  forming  methylphenol-sulphonic  or  sulphanisoHc  acid, 

CgHaCCHaXg^  jj .— With  Iromim  it  forms  three  substitution- 
products  —  viz.,  CeH^Br.0.CH3,  a  liquid  boiling  at  223°^; 
C„HoBro.O.CH3,  which  crystallises  in  rhombic  tables,  melts  at  59  , 
and  boils  at  272°;  and  CeHaBrg.O.CHg,  which  melts  at  87°,  and  is 
sublimable.  By  the  further  action  of  bromine,  tetrabromo- 
quinone  or  bromanil,  CpBr^Oa  is  produced.  Fuming  nitric 
acid  acts  strongly  on  anisol,  forming  the  three  nitranisols, 
C7Hj(N02)0,  CrH6(N02)20,  and  C7H5(NOo)30 ,  which,  when  treated 
with  reducing  agents,  yield  the  corresponding  nitranisidmes 
C7H5(NH2)0,  &c. 

Ethyl  Phenate  or  Phenetol,  CoHg.O.CoHg,  obtained  from 
phenol,  and  from  ethylsalicylic  acid,  is  an  aromatic  liquid,  boiling 
at  172°. — Amyl  Phenate  or  Phenamylol  boils  at  225°. 

Ethene  Phenate,  C2H4(OCoH;.,)2,  produced  by  the  action  of 
ethene  bromide  on  potassium  phenate,  crystallises  in  lamlnoe  melt- 
ing at  95°. 

Phenyl  Phenate,  Phenyl  Oxide,  or  Phenolic  Ether, 
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CjaHipO  -  {C„B.^%0,  formed,  together  with  phenyl  benzoate,  by  the 
drydistiUation  ol  cupnc  benzoate,  and  by  heating  diazobenzene 
sulphate  with  phenol:  crystallises  in  long  needles,  melts  at  28°  and 
boils  at  246  ;  dissolves  easily  in  alcohol  and  ether. 

Thiophenol  or  Phenyl  Hydrosulphide,  C^H^.SH,  formed 
by  the  action  of  P^S^  on  phenol,  and  by  that  of  nascent  hydro-en 
(zinc  and  sulphuric  acid)  on  phenyl-sulphochloride,  is  a  colour- 
less, mobile,  letid  liquid,  having  a  density  of  1-078  at  14°  and  boil- 
ing at  168°.  It  IS  insoluble  in  water,  but  dissolves  easily  in  alcohol 
and  ether,  and  the  alcoholic  solution  is  precipitated  by  silver  lead 
and  mercury  salts,  yielding  compounds  analogous  to  the  mercap- 
tides.  The  mercury-compound,  (CeH,S)2Hg,  crystallises  from  alco- 
hol m  shining  needles. 

Phenyl  Sulphide  (C.B.^S,  produced  by  the  dry  distUlation 
ot  sodium  benzene-sulphonate,  and,  together  with  the  hycbosul- 
phide,  by  the  action  of  P.S^  on  phenol,  is  a  colourless  liquid, 
having  an  alliaceous  odour,  a  density  of  1-12,  and  boilinc^  at  292° 
Nitnc  acid  oxidises  it  to   phenyl  sulphoxide  (sulphobenzide) 

Phenyl  Disulphide,  (C,R,)S,  is  formed  by  oxidising  thio- 
phenol with  ddute  nitric  acid,  and  by  the  action  of  iodine  6n  the 
aqueous  solution  of  potassium-thiophenol : 

2(CeH,.SK)    +    I,    =    2KI    +  (C,U,),S,. 
It  crystallises  from  alcohol  in  shining  needles  meltin^^  at  60°-  is 
oxidised  by  nitric  acid  to  benzenesulphonic  acid,  and  reduced 'bv 
nascent  hydrogen  to  thiophenol.  ^ 


Halogen  Derivatives  of  Phenol. 
Ohlorophenols.— The  three  monochlorophenols,  aH.Cl  OH 
^t  w-,  and  pam-,  are  formed  from  the  corresponding  chlor! 

So  ml         f^'  dia^o-^eaction.    The  ortho- and  pa?a-com- 

mTt.  Z  P™?'^'^^^  by  passmg  chlorine  into  warm  phenol, 
S  ZLl^  separated  by  fractional  distillation.  (1 : 2)  CJdoXphenol 
u  a  colourless  liquid,  boiling  at  m^-m",  solidifying  at  - 12° ;  con- 
from  1  Pyrocatechin,    (1 :  3)  Chlorophenol, 

irom  (1 . 3)  chlorainlme,  is  a  liquid  boiling  at  214°.  (1 : 4)  Chloro- 
IZn  f7,'J^u''f  colourless  prisms,  w^iich  gradually  tiu-n.red, 
me  ts  at  37  ,  boils  at  217°;  is  converted  by  fusion  with  Jotash  into 
hydroquinone.  All  the  three  chlorophenols  have  a  very  pungent 
and  persistent  odour.  ^  i  o 

taiSfr'^'''"r'.-n»^3^^^-°H'  P™^'^*^^^'  C„.0H.C1.H.C1.H„  ob- 
ained  by  dry  distdlation  of  dichlorosalicylic  acid,  melts  at  43°,  and 

Sue         •-^':^''='^^"'V'f««^.  C„H3Cl3.0H  (1:3:5,  OH),  tlie  chief 
\l  Tlo  0*  the  action  of  chlorine  on  phenol,  melts  at  68°,  and  boils 
chlorii"       '^^''''i''™^'''"''^'  CoCVOH,  obtained  by  tl.e  action  of 
uuorine  on  phenol,  in  presence  of  antimonic  chloride,  melts  at  187% 
FOWNES.— VOL.  IX.  2  H  " 
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Bromoplienols.— The  three  moiiobroniophenols,  CgH^Br.OH, 
are  obtained  from  the  three  corresponding  bromanilines ;  the  1 :  2 
and  1 :  4  modifications  also,  by  passing  bromine  vapour  into  phenol, 
and  by  the  action  of  bromine  on  a  solution  of  phenol  in  glacial 
acetic  acid.  The  ortho-  and  meto-modifications  are  liquid.— Para- 
hromophenol  forms  large  crystals  ;  melts  at  64°  ;  boils  at  236°  ;  and 
is  converted,  by  the  action  of  phosphorus  pentabromide,  iato  para- 
dibromobenzene. 

Dibromophenol,  CgHgBra.OH  (probably  1 :  2 :  4,  OH  in  1),  obtained 
by  bromination  of  phenol,  melts  at  40°. 

Trihromophenol,  CBHaBrg.OH  (1:3:5,  OH),  precipitated  by 
bromine-water  from  the  aqueous  solution  of  phenol,  crystallises 
from  alcohol  iu  silky  needles,  melting  at  95°.  By  PBr,  it  is  con- 
verted into  tetrabromobenzene,  melting  at  98°  (p.  437) ;  by  nitric 
acid  into  picric  acid. 

Fentabromophenol,  CgBr^.OH,  melts  at  225°. 

lodophenols.— The  three  monoiodophenols,  CgH4l.0H,  are 
formed,  together  with  tri-iodophenol,  by  treating  phenol  with 
iodiae  and  iodic  acid  in  presence  of  free  allvali  : 

5(CeH5.0H)  +  2I2  +  IO3H  =  3H2O  +  5(CeH,I.0H). 

On  supersaturating  the  liquid  with  hydrochloric  acid,  and  distilling 
the  precipitated  oil  with  steam,  a  liquid  tnonoiodophenol  (1 : 2) 
passes  over  first,  then  a  solid  (1:3),  and  finally,  tri-iodophenol; 
and  the  residue  contains  a  considerable  quantity  of  the  latter, 
which  may  be  extracted  by  alcohol.  The  third  monoiodopheuol 
(1 :  4),  which  is  easily  soluble  in  water,  is  found  partly  in  the 
aqueous  solution  from  which  the  crude  iodophenol  has  been  pre- 
cipitated, partly  iu  the  aqueous  distillate,  and  partly  in  the  alcoholic 
solution  from  which  the  tri-iodophenol  has  crystallised. 

(1:2)  Iodophenol,  produced  also  from  (1:2)  amidophenol,  and  by 
distillation  of  iodosalicylic  acid,  is  a  liquid  which  does  not  solidify 
at  -  23°.  It  is  easily  decompos'ed,  with  separation  of  iodine,  by 
chlorine  and  by  nitric  acid.  By  fusion  with  potash  it  jdelds 
pyrocatechin.  (1:3)  Iodophenol,  produced  also  from  meta- 
iodaniline,  is  somewhat  sparingly  soluble  in  water,  crystallises  from 
alcohol  in  six-sided  tables  melting  at  89°;  is  not  decomposed  either 
by  chlorine  or  by  nitric  acid.  By  fusion  with  potash  it  yields 
resorcin.  (1 :  4)  Iodophenol,  obtained  also  from  para-iodaniliae, 
is  very  soluble  in  water,  crystallises  in  shining  needles  melting  at 
64°-66°;  is  decomposed  by  nitric  acid,  but  not  by  chloruie;  con- 
verted by  fusion  with  potash  at  100°  into  hydroquinone. 


Nitrosophenol,  C8H4(NO).OH  (1:4).  — This  compound  is 
formed  :  1.  By  the  action  of  nitrous  acid  on  phenol : 

C0H6.OH  +  NO.OH  =  H2O  +  C6H/N0).0H; 
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2  As  a  sodium  salt,  by  heating  nitrosoclimethylaniline  (p  45  n  with 
dilute  soda-ley  :  ' 

CeH,(N0).N(CH3),  +  NaOH  =  NHCCHg),  +  C«H,(NO).ONa. 

Pure  hydrochloride  of  nitrosodimethylanOine  is  added  to  a  boilino- 
dilute  solution  of  caustic  soda ;  the  dimethylaniline  is  distilled  off"- 
and  the  residue,  acidified  with  dUute  sulphuric  acid,  is  shaken  ud 
with  ether. 

Nitrosophenol  crystaUises  from  hot  water  in  slender  colourless 
needles,  which  soon  turn  brown;  from  ether  in  large  brown  lamina 
It  dissolves  with  light  green  colour  in  water,  alcohol,  and  ether  • 
easily  also  in  dilute  soda-ley,  forming  a  sodium  salt,  which,  on 
n  S /xf.^f^'*™''^  separates  in  red  needles  containing 

C  H  (N 0)  ONa  SH^O.  Salts  of  the  heavy  metals  added  to  this 
solution  throw  down  amorphous  dark-coloured  precipitates 

JNitrosophenol  melts  when  heated,  and  decomposes  witli  a  slif^ht 
explosion  at  120°-130°.  By  strong  nitric  acid  it  is  converted  into 
paranitrophenol ;  by  tin  and  hydrochloric  acid  into  paramidophenol  • 
by  mtrous  acid  into  diazobenzene  nitrate : 

C«H,(NO).OH  -h  3N0,H  =  C,H,<OH^q^  +  NO3H  +  H,0. 

With  aniline  acetate  it  yields  diazoxybenzene,  CpH,(OH).N,  C.H 

On  adding  strong  sulphuric  acid  to  nitrosophenol  dissolved  in 
phenol,  the  solution  assumes  a  dark  red  colour,  changing,  on  addition 
ol  potash,  to  a  fine  blue. 


Nitroflienols. 

compounds,  which  are  all  of  acid  character,  are  easily 
formed  by  direct  nitration  of  phenol. 

Mononitrophenols,  CoH,(N02).OH,  (1:2)  and  (1-4)  are  ob- 

f  .^'^'"f  "l^^'g  ^  P'-^^*     P^^^°l  t°  2  parts^  of  nS  adi 
i? V^ni  4  parts  of  water.    They  may  be  separated 

b^  distillation  with  water,  as  only  the  ortho-compound  volatilises 
wim  the  steam     The  same  compounds  are  produced  by  heating 

.  and  (1 :  4)  nitrobromobenzene  in  sealed  tubes  with  alcoholic 
ammonia  The  (1:4  and  (1:3)  compounds  may  be  prepared  by 
boiling  the  diazomtrobenzene  nitrates  from  (1 :  4)  and  (1 :  3)  nitro- 
amhne  with  water;  the  (1:4)  compound  also  by  boiling  para- 
nitranilme  with  very  strong  solution  of  caustic  soda. 

(1 :  2),  commonly  called  volatiU  nitrophenol,  crystallises  in  lar^e 
lr!u7y  P""*""'!;  flis?olves  sparingly  in  water,  easily  in  alcohol,  and 
volatilises  easily  with  vapour  of  water  ;  melts  at  45°,  and  boils  at 
finlt  V'w  Tx-fJ^'f  yi^*^^^  ^"^'^  (1  •  2)  chloronitr(.benzene.    Its  sodium 

1'  .S^'^^P^)-^^'^'  crystallises  in  chirk  red  anliydrous  prisms 
Soi  of  ^'iW'  v^""'  S^^^  (N0,).0CH3,  formed  from  it  by  the 
action  of  metliyl  iodide,  melts  at  9°,  and  boils  at  265°. 
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(1  :  3)  Nitrophenol  forms  coloiirless  neecUes,  moderately  soluble  in 

water,  melting  at  96°.  ,     ,  ^^  „t- 

(1  :  4)  Nitropbenol  forms  long,  colourless  needles,  melting  at 
115°,  converted  by  PC1«  into  (1  :  4)  chloronitrobenzene  Its 
methyUc  ether  melts  at  48°,  boils  at  260°,  and  is  converted  by 
heating  with  ammonia  into  (1 :  4)  mtranilme.  .    ^  ^  .   ,  , 

Dinitrophenol,  C„H3(NO,)2.0H  (1:2:  4-OH  m  l),  is  formed 
by  the  action  of  strong  nitric  acid  on  phenol  and  on  o-  and 
p-nitrophenol;  also  by  boiling  the  corresponding  dmitrochloro-  or 
dinitro-bromobenzene  (p.  444)  with  alkalis.    Colourless  plates,  melt- 

"^^heMtsecutive  modification  (1:2:  6— OH  in  1),  fonned,  together 
with  the  preceding  from  (1  :  2)  nitrophenol,  crystallises  m  needles 
melting  at  63°-64°.  ^    ,  .      .  , 

Both  these  compounds  are  converted  by  further  mtration  mto 

picric  acid.  ,  ,      i  a-u 

Two  other  dinitrophenols,  formed  from  (1  : 3)  nitrophenol,  the 
one  melting  at  104°,  the  other  at  141°,  are  converted  by  further 
mtration  into  isopicric  acid. 

Trinitrophenols,  CoH3(N02)3.0H.— Two  of  these  compounds 
are  known.  (1.)  Picric  acid,  1  :  2  : 4  :  6  (OH  m  1),  also  caUed 
Carbazotic  acid,  is  formed  by  nitration  of  phenol  and  of  1  :  2  :  4  and 
1:2:6  dinitrophenol.  It  is  also  one  of  the  ultimate  products  ol 
the  action  of  nitric  acid  upon  indigo  and  numerous  other  substances, 
as  silk,  wool,  several  resins,  especially  that  of  Xanthorrhcea  hashlis 
(yellow  gum  of  Botany  Bay),  saliciu  and  some  of  its  derivatives, 
coumarin,  &c.  It  is  most  economically  prepared  from  phenol.  One 
part  of  that  substance  is  gradually  added  to  strong  mtric  acid 
slightly  warmed,  and  when  the  first  violent  reaction  has  subsided, 
three  parts  of  fuming  nitric  acid  are  added,  and  the  liqmd  is  boiled 
till  nitrous  fumes  are  no  longer  evolved.  The  resinous  mass  thus 
produced  is  boiled  with  water;  the  resulting  picric  acid  is  con- 
verted into  sodium-salt ;  and  the  solution  mixed  with  sodium  car- 
bonate, which  throws  down  the  sodium  picrate  in  crystals,^ 

Picric  acid  crystallises  in  yellow  shining  prisms  or  lamina,  hav- 
ing an  intensely  bitter  taste.  It  melts  at  122-5°,  sublimes  when 
cautiously  heated.  It  dissolves  sparingly  in  cold  water,  more  easily 
in  hot  water,  stiU  more  in  alcohol.  It  stains  the  skin  deep  yellow, 
and  is  used  as  a  yellow  dye  for  wool  and  silk.  It  is  a  strong  acid, 
forming  well-crystallised  yellow  salts,  which  detonate  \aolently 
when  heated,  some  of  them  also  by  percussion.  The  'potassium  sati,, 
CgH2(N02)3.0K,  crystallises  in  long  needles,  very  slightly  soluble  m 
water.  The  sodivm,  aiwmonvum,  and  harium  salts  are  easily  soluble 
in  water.  .       r     •  „i 

Methyl  picrate,  CoH„(NOo)3.0CH3,  formed  by  nitration  of  anisol 
(p.  480),  crystallises  in  tatles,  which  melt  at  60°  and  sublime. 
Ethyl  picrate  forms  colourless  needles,  which  turn  brown  m  the  air, 
and  melt  at  78'5°. 

Picrates  of  Hydrocarbons— 'Picric  acid  affords  characteristic  reac- 
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tions  for  the  detection  of  certcain  hydrocarbons.  For  this  purpose 
it  is  convenient  to  use  an  alcoholic  solution  of  the  acid  saturated  at 
20°-30°,  and  either— (1)  add  the  hydrocarbon  to  the  cold-saturated 
alcoholic  solution ;  or  (2)  mix  the  picric  acid  solution  with  a  hot 
alcoholic  solution  of  the  hydrocarbon;  or  (3)  dissolve  the  hydro- 
carbon, with  aid  of  heat,  in  the  picric  acid  solution.  The  following 
combine  under  these  circumstances  with  picric  acid  :  Naphthalene 
IS  the  only  solid  hydrocarbon  whose  cold-saturated  alcoholic  solution 
IS  precipitated  by  picric  acid.  The  compoimd  forms  delicate  stellate 
groups  ot  yellow  needles,  easily  soluble  in  alcohol.  Retene,  treated 
by  method  2  or  3,  forms  similar  needles  of  an  orange-yellow  colour. 
Anthracene  also  forms  ruby-coloured  needles  still  more  soluble  thaii 
the  preceding ;  the  red  alcoholic  solution  is  decolorised  by  addition 
of  a  little  more  alcohol.  Other  hydrocarbons  contained  in  crude 
anthracene  exhibit  the  same  reaction,  which  appears  to  be  peculiar 
to  anthracene  and  its  homologues.  They  may  be  distinc'uished 
from  one  another  by  the  appearance  of  the  precipitates  under  the 
microscope. 

n  S'^/^ly'^f N^r./^  converted  by  PCI5  into  trinitrochlorobenzene, 
L„Jl2(JNU2)3Cl,  which  is  reconverted  into  picric  acid  by  boiling  with 
water.  Picric  acid  distilled  with  calcium  hypochlorite,  or  a  mix- 
tiu'e  of  potassium  chlorate  and  hydrochloric  acid,  yields  chloro- 
P,^,"!^' C(N02)Cl3;  and  with  calcium  hypobromite,  bromopicrin, 
C(N02)Br3  (p.  80). 

I sopicric  acid,  CgH2(N02)3.0H,  formed  by  the  action  of  fumino- 
nitnc  acid  on  metanitrophenol,  crystallises  from  hot  water  or  from 
nitric  acid  in  Hght  yellow  prisms  melting  at  174°.  It  stains  the 
skin  yellow. 

Picrocyamic  or  Isopurpuric  acid,  CgH.N.Og,  not  known  in 
the  tree  state,  is  formed,  as  a  potassium  salt,  CgH.N.OpK,  by  cbop- 
pmg  a  hot  solution  of  picric  acid  (1  part  in  9  of  water)  into  a  solfi- 
Uon  ot  potassium  cyanide  (2  parts  CNK  in  4  of  water)  heated  to  60°. 
1  his  salt  crystallises  m  brown-red  scales,  having  a  green  metallic 
lustre,  sparingly  soluble  in  cold  water,  dissolving  in  hot  water  and 
in  alcohol  with  deep  red  colour  (test  for  hydrocyanic  acid  and 
metallic  cyanides).  Detonates  strongly  when  heated, 
derivati  treated  with  potassium  cyanide  yield  similar 

Nitrohaloid  derivatives  of  phenol,  CoHgClCNOg^OH,  &c. 
are  produced  by  the  action  of  halogen  elements  on  the  nitrophenols. 

Amidophenols. 
''^^i^ae  compounds  arc  formed  by  the  action  of  reducing  agents  on 
the  nitrophenols,  the  di-  and  tri-n'itrophenola  being  ftartially  reduce 
"J  alcoholic  ammonium  sulphide,  completely  by  tin  and  hydro- 
chloric acid.  The  entrance  of  the  NHj-group  into  the  molecule 
considerably  weakens  the  acid  character  of  the  compound,  and 
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wlien  it  replaces  the  whole  of   the  nitro-groups,  the  componnd 

"bccoHiGs  "bcisxc 

Monoamidophenols,  C5H,(NH2).OH.— The  ortho-  and  para- 
compounds  are  formed  by  reduction  of  the  corresponding  nitro-  or 
nitroso-compounds,  best  with  tin  and  hydrochloric  acid :  the 
^-compound  also  by  distillation  of  amidosalicylic  acid.— (1:2)  amido- 
phenol  forms  colourless  rhombic  scales ;  (1 :4)  colourless  needles, 
which  soon  turn  broNvn.  Both  are  slightly  soluble  in  cold  water, 
more  easily  in  alcohol,  and  form  well  crystallised  salts  with  acids  ; 
0-  melts  at  170°,  p-,  with  decomposition,  at  184°. 

Amidonitrophenol  or  Picramic  acid,  CgH2(NH2)(N02)2-OH. 
— The  ammonium  salt  of  this  acid,  formed  by  passing  hydrogen 
sulphide  into  an  alcoholic  solution  of  ammonium  picrate,  crystallises 
in  red  needles,  and  is  decomposed  by  acetic  acid,  yielding  the  free 
acid,  which  also  forms  red  needles  melting  at  165°. 

Tri-amidophenol,  CeH2(NH2)3.0H,  isatriacid  base  not  known 
in  the  free  state.  Its  hydriodide,  C(jN2(NH2)30H.3HI,  obtained  by 
the  action  of  iodine  and  phosphorus  on  a  hot  saturated  solution  of 
picric  acid,  forms  easily  soluble  colourless  needles. — The  hydro- 
chloride, C8H2(NH2)30H.3HC1,  obtained  by  decomposing  picric  acid 
with  tin  and  hydrochloric  acid,  and  treating  the  resiilting  stanno- 
chloride,  which  separates  on  cooling,  with  hydrogen  svdphide, 
crystallises  in  needles  easily  soluble  in  water,  sparingly  in  strong 
hydrochloric  acid.  From  these  salts  the  base  cannot  be  separated 
without  decomposition.  The  solution  of  the  hydrochloride  mixed 
with  ferric  chloride  acquires  a  deep  blire  colour,  and  if  concen- 
trated deposits  the  hydrochloride  of  amido-diimidophenol, 
.NH2 

C„H,(OH)<e-NH^  .      ■,,     ,  „     1     •      n  I,- 

"  "        ^NH'^  ™  yellow-brown  needles,  having  a  blue  shimmer 

in  reflected  light,  and  dissolving  in  water  with  a  fine  blue  colour. 

Diazophenol  (para). — The  nitrate,   C6^i<^j^  -^q  ,  ^ 

formed,  together  with  0-  and  p-nitrophenol,  by  passing  nitrous  acid 
into  an  ethereal  solution  of  phenol  or  nitrosophenol  cooled  -with  ice. 
It  crystallises  in  light  brown  needles.  The  other  salts  of  this  base, 
which  also  crystallise  well,  are  obtained  ])y  passmg  nitrous  acid 
into  the  solutions  of  the  corresponding  salts  of  ^-aniidophenol.  The 
salts  of  orthodiazophenol  are  obtained  in  like  manner.  All  these 
salts  are  analogous  in  their  reactions  to  the  diazobenzene  salts. 


Phenol-sulphonic  acids. 

Phenol  dissolves  easily  in  strong  sulphuric  acid,  forming  orfho- 
and  para-phenolsulphonic  acid,  CgH.(OH).SO,H.  At  ordinary 
temperatures  the  ortho-acid  is  almost  the  only  product,  but  it  easily 
changes  into  the  para-acid  when  heated.  The  two  acids  may  be 
separated  by  fractional  ciystallisation  of  their  potassium  salts,  the 
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p-  salt  separating  out  first  in  elongated,  hexagonal  tables,  wliicli  are 
anhydrous.  The  mother-liquors  yield  the  o-salt  in  long,  colourless 
spicules,  containing  2H2O.  Most  of  the  other  salts  of  the  _p-acid 
are  less  soluble  than  the  corresponding  o-salts.  The  two  acids  are 
not  known  in  the  free  state.  The  sodium  salt  of  the  ^j-acid  heated 
with  MnOg  and  sidphuric  acid  yields  quinone.  Treated  with  PGL 
it  yields  j3-chlorophenol  and  ^-dichlorobenzene.  The  o-acid  fused 
with  potash  yields  pyrocatechin  ;  the  jp-acid,  by  molecidar  trans- 
formation, yields  resorcin  (see  Diatomic  Phenols). 

Metaphenolsulphonic  acid  is  formed  as  a  potassium  salt  by  heating 
potassmm  benzene-metadisulphonate  dissolved  in  the  smallest 
possible  quantity  of  water,  with  two  or  three  times  its  weight  of 
potassium  hydroxide  for  a  considerable  time  to  170°-180°.  The 
greater  part  of  the  potassium  sulphate  formed  at  the  same  time 
having  been  removed  by  crystallisation,  the  metaphenolsulphonate 
may  be  extracted  from  the  mother-liquor  by  alcohol.  This  salt 
crystallises  from  water  in  groups  of  easily  soluble  efflorescent  scales 
containing  1  mol.  HgO.  The  free  acid  forms  concentric  groups  of 
very  soluble  needles.  Ferric  chloride  colours  the  solutions  of  the 
three  acids  violet. 

Phenoldimlphonic  acid,  C6H3(OH)(S03H)2,  is  formed  by  heating 
phenol  or  0-  or  ^J-phenolsulphonic  acid  with  excess  of  strong  suC 
phuric  acid,  whence  it  has  the  structure  1:2:4  (OH  in  1) ;  also  by  the 
action  of  sulphuric  acid  on  diazobenzene  sulphate.  The  solutions 
of  the  acid  and  its  salts  are  coloured  dark  red  by  ferric  chloride. 

Phenoltrimlphonic  acid,  C„H2(OH)(S03H)3  (1:3:5,  OH),  formed 
by  the  action  of  strong  sulphuric  acid  or  phosphoric  anhydride  on 
phenol,  crystallises  in  thick  prisms  containing  S^R^O. 


Cresols,  C^HgO  =  C«H,<gg3  ,^Tolyl  alcohols.— Para-  and 
or<;io-cresol  'occur  in  coal-  and  wood-tar,  together  with  phenol,  and 
may  be  separated  from  the  latter  by  fractional  distillation ;  but  they 
canaot  easily  be  separated  one  from  the  other.  They  are  obtained 
in  the  pure  state  by  fusmg  the  potassium  salts  of  the  corresponding 
toluenesu  phonic  acids,  CeH,(CH3)(S03H),  with  potash,  or  from  the 
corresponding  toluidines  by  the  diazo-reaction  (p.  470).  They  are 
converted  into  toluene  by  heating  with  zinc-dust,  and  into  the  cor- 
responding oxytoluic  or  cresotic  acids,  CoH3(CH3)(OH)(C02H),  by 
the  action  of  sodium  and  carbon  dioxide. 

_  Orthocresol  is  likewise  obtained,  together  with  propene,  by  heat- 
ing carvacrol  (cymophenol),  C^oH^fi,  with  phosphoric  anhydride: 
C10H14O  =  C.Rfi  +  C3H„. 

^*  ^^a  colourless  cry.stalline  mass,  melting  at  3r-31 -5°,  boiling  at 
I80  -186°;  coloured  blue  by  ferric  chloride.    By  prolonged  heating 
with  potassium  hydroxide  it  is  converted  into  salicylic  acid 
Metacresol,  prepared  from  thymol,  C,oH,,,0,  in  the  same  mniiner 
as  o-cresol  from  carvacrol,  is  a  colourless  liquid  which  smells  like 
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phenol,  boils  at  201°,  remains  liquid  at  the  temperature  of  a  mixture 
of  solid  car))on  dioxide  and  ether,  and  is  converted  by  fusion  with 
potash  into  oxybenzoic  acid.  Its  ethylic  ether  is  an  oil  boiling 
at  190°. 

Paracresol  forms  colourless  prisms  smelling  like  phenol,  melting 
at  36°,  and  boiling  at  198°.  It  dissolves  sparingly  in  water,  forming 
a  solution  which  is  coloured  blue  by  ferric  chloride.  By  fusion 
with  potash,  paracresol  is  converted  into  paraoxybenzoic  acid. 
Its  ethylic  ether  is  an  aromatic  liquid  boiling  at  188°.  The  methyhc 
ether  boils  at  174°,  and  is  oxidised  by  chromic  acid  to  methyl-para- 
oxybenzoic  (anisic)  acid,  CoH4(OCH3)(C02H).  The  acetic  ether, 
CyHr.O.CaHgO,  is  a  liquid  boiling  at  208°-211°. 

Nitro-cresols. — Several  of  these  compounds  are  obtained  by 
nitration  of  paracresol.— CrHj(N02)30,  crystallises  in  yeUow  needles 
like  picric  acid.— C7H8(N02)0  obtained  also  by  the  action  of  nitrous 
acid  on  paratoluidine,  is  a  dye-stuff,  kno-mi  as  Victoria  yellow ;  it 
forms  yellow  crystals,  melting  at  84°,  less  soluble  in  water  than 
picric  acid. 

CH 

Thiocresols,  or  Tolyl  Hydrosulphides,  C6H4<gjj3 ,  are 

produced  from  the  three  toluenesulphonic  acids  by  reducing  the 
corresponding  chlorides,  C6H4(CH3)(B0C1),  with  zinc  and  hydro- 
chloric acid.  Ortho-,  shining  laminae,  melting  at  15°,  boiling  at 
188°.  Meta-,  liquid,  not  solidifying  at  - 10°.  Para-,  large  laminae, 
melting  at  43°,  boiling  at  188°. 

Eight-carbon  Phenols,  CgHjoO.— This  formula  includes, 
two  metameric  phenols,  viz. : 

Dimethyl-phenol,     ....  CeH3(CH3)20H 


Ethyl-phenol,  C(.H,(C2Hj)0H . 


Two  Dimethyl-phenols  or  Xylenols  are  produced  by  fusing 
the  potassium-salt  of  xylenesulphonic  acid,  C8H9SO3K,'  with  potas- 
sium hydroxide.  On  decomposing  the  resulting  mass  with  hydro- 
chloric acid,  digesting  with  ether,  and  distilling,  a  liquid  passes  over 
at  210°,  which,  when  exposed  to  a  -ndnter  temperatirre,  separates 
into  two  isomeric  modifications,  one  crystalline,  the  other  liquid. 
The  solid  modification  is  likewise  obtained  by  fusing  the  potassium- 
salt  of  oxymesitylenic  acid  with  potash: 


Solid  xylenol  melts  at  75°  and  boils  at  216°;  the  liquid  modification 
boils  at  206-5°-208-5°. 

A  xylylic  phenol  is  mentioned  by  Dr.  Hugo  Miiller  as  occurring 
in  coal-tar;  this  is  probably  also  a  dimethyl-phenol,  inasmuch  as 
products  of  destructive  distillation  have  hitherto  been  found  to  yield 
only  methyl-derivatives  of  benzene.    The  portion  of  aloisol  (a  pro- 
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duct  obtained  by  distilling  aloes  with  lime)  which  is  soluble  in 
pdtash,  has  the  composition  of  a  xylylic  phenol,  and  is  perhaps 
identical  with  the  preceding.  Creosote,  from  beech-tar,  is  a  mixtm-e 
of  several  phenols  and  their  ethers,  and  usually  consists  of 
phenol,  cresol,  xylenol,  guaiacol,  CbH,(0H)(0CH3),  and  creosol, 
C«H,(CH3)(OH)(OCH3). 

Ethyl-phenol,  obtained  from  ethyl-benzenesulphonic  acid, 
melts  at  47°,  boils  at  211°,  and  volatilises  even  at  ordinary  tempera- 
tures. 

Phlorol,  an  oily  liquid  obtained  by  the  dry  distillation  of  the 
barium  salt  of  phloretic  or  oxethyl-benzoic  acid,  CgHiuOg  or 
CgH4(OC2H5).COOH,  is  also  an  ethyl-phenol,  its  formation  being 
represented  hj  the  equation : 

C6H,(OC2H,).COOH    =    CO2     +  CeHgCOC^H,). 

Phloretic  acid.  Phlorol. 

Phlorol  is  a  colourless,  strongly-refracting  oil,  having  a  specific 
gravity  of  1-0374  at  12°,  and  boiling  at  220°.  It  dissolves  in  strong 
sulphitric  acid,  forming  a  sulpho-acid  which  yields  a  soluble 
barium  salt.  With  chlorine  it  forms  a  substitution-product.  It 
reacts  violently  with  strong  nitric  acid,  forming  the  compound 
C8H7(N02)30.  By  sodium  and  carbon  dioxide  it  is  converted  into 
phloretic  acid. 

Ten-Carbon  Phenols,  CioHjg.OH.— Two  compoimds  repre- 
sented by  this  formula  are  known,  viz.; — thymol  and  carvacrol. 
Both  are  methyl-propyl-phenols,  CoH3(CH3)(C3H7)(OH),  and  have 
the  methyl-group  in  the  para-position  relatively  to  the  propyl-group ; 
but  in  thymol  the  CH3-group  stands  to  the  OH  in  the  meta- 
position  ;  in  carvacrol  in  the  ortho-position,  thus : 

CH3  CH3 
C,H7  C3H7 

Thymol.  CaiTncrol. 

Both  are  resolved  by  heating  with  phosphoric  anhydride  into  pro- 
pene,  CgH^,  and  cresol,  thymol  yielding  meta-,  and  carvacrol  yield- 
ing ortho-cresol  (p.  487). 

Thymol  exists,  together  with  cymene,  C10H14,  and  thymene, 
CiflHifl,  in  the  volatile  oils  of  thyme  {Thymus  scrjnjllum),  horse-mint 
{Mentha  silvestris),  Ptychotis  Ajowan,  an  East  tndian  plant,  and 
Monarda  punctata,  or  Oswego  tea,  a  native  of  North  America.  It 
crystallises  in  large  transparent  plates,  has  a  mild  odour,  a  peppery 
taste,  melts  at  44  ,  and  boils  at  230°.  Its  methylic  ether  boils  at  206°, 
the  ethylic  ether  at  220°. 


490 


BENZENE  GBOUP  :  PHENOLS. 


Thymol  treated  wifh  bromine  in  sunshine  yields  pentabromo- 
thymol,  CioHgEijO,  and  with  chlorine,  CioHi.ClaO  or  CjoHgCljO, 
accordingly  as  the  reaction  takes  place  in  the  shade  or  in  sunshine ; 
both  of  these,  as  well  as  the  bromine-compound,  are  crystaUine. 

There  are  two  nitrothymols,  CioHj2(N02)20  and 
^'ioHii(N02)30,  obtamed  by  the  action  of  nitric  acid  on  thymol- 
sulphonic  acid.  Both  form  potassium  salts,  which  crystallise  in 
yellow  or  orange-yellow  needles. 

Carvacrol,  Oxycymene,  or  Cymenol,  is  obtained  by  fusing 
cymene-sulphoiiic  acid,  CjoH^g.SOgH,  with  potash,  and  by  heating 
camphor  with  one-fifth  of  its  weight  of  iodine ;  also  from  the 
isomeric  compound  carvol,  contained  in  oil  of  caraway  {Carum 
Carui),  by  heating  with  phosphoric  acid.  It  Is  a  thick  oil,  not 
solidifying  at  -25°,  boiling  at  233" -235°. 

Thymol  and  carvacrol  distilled  with  phosphoric  anhydride  yield 
two  isomeric  thiophenols,  CjoHja.SH,  both  of  which  are  non-solidi- 
fying liquids.  Thiothymol  boils  at  230°-231°;  thiocymenol 
at  235° 


Diatomic  Phenols,  CnH2n-8(OH)2. 

There  are  seven  known  compounds  included  in  this  formula, 
viz.: 

Pyrocatechin — Eesorcin — Hydroquinone,     .  CgH^(0H)2 
Orcin — Homo-pyrocatechin,  ....  CgH3(CE[3)(OH)2 
Beta-orcin— Hydrophlorone,        .       .       .  CgH2(CH3)2(OH)2. 

These  compoimds  are  formed  by  the  action  of  melting  potash  on 
tlie  monohaloid  derivatives  of  the  monatomic  phenols,  and  on  the 
phenolsulphonic  acids : 

CgH^CLOH         +  KOH  =  KCl     +  C6H,(OH)2 

CeH,(0H).S03K  +  KOH  =  SO3K2  +  CeH^(0H)2  ; 

also  on  resins  ;  and  by  the  dry  distillation  of  aromatic  dioxyacids 
— such  as  oxysalicyUc  acid,C8H3(0H)2.CO2H,  with  lime  or  baryta  : 

CgH3(OH)2.C02H  =  CO2  +  CgH,(0H)2. 

Pyrocatechin,  CeH4(OH)2  (1 :2j,  also  called  Oxyplmiic  acid,i3 
formed :  1.  By  fusing  orthochlor-  or  orth-iodophenol  wdth  potash. — 
2.  By  the  dry  distillation  of  oxysalicylic  or  of  protocatechuic  acid, 
C7He04. — 3.  By  dry  distillation  of  catechin  (the  juice  of  Mimosa 
Gatedm),  from  which  it  was  first  obtained ;  also  from  morintannic 
acid  (the  yellow  colouring  matter  of  Morus  tinctoria) ;  and  of  wood, 
whence  it  is  found  in  wood-vinegar. — 4.  By  heating  its  methylic  ether 
(guaiacol)  with  hydriodic  acid  to  200°  : 

CoH,(OH)(OCH3)  -(-  HI  =  CH3I  -f  CoH4(OH)2. 

This  reaction  afl'ords  the  best  method  of  preparing  it. 
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Pyrocatechin  crystallises  in  short  square  prisms  ;  sublimes  even 
at  ordinary  temperatures,  in  shining  laminaj ;  melts  at  104°,  and 
boils  at  245 -S".  It  dissolves  easily  in  water,  alcohol,  and  ether. 
The  aqueous  solution  mixed  with  ferric  chloride  assumes  a  dark- 
green  colour,  changing  to  violet  on  addition  of  a  small  quantity  of 
ammonia,  acid  sodium  carbonate,  or  tartaric  acid.  Pyrocatechin 
reduces  silver  nitrate  at  ordinary  temperatures,  an  ammoniacal  solu- 
tion of  copper  with  the  aid  of  heat.  Nitric  acid  acts  violently  upon 
it,  forming  oxalic  acid  and  a  small  quantity  of  a  yellow  nitro-com- 
pound.  With  acetxjl  chloride  and  benzoyl  chloride  it  forms  the  com- 
pounds CeH,(O.C2H30)2  and  C^lilO.G^Y{fi\,  both  of  which  are 
crystalline.  Its  aqueous  solution  forms,  with  lead  acetate,  a  white 
precipitate,  CeH^OgPb. 

Methyl-pyrocatechin  ovGuaiacol,  0^11^02==  C^Ri<^Q^\  is 
one  of  the  constituents  of  beech-tar  creosote  (p.  489),  and  may  be 
separated  therefrom  by  fractional  distillation.  It  is  produced  by 
heatm^  pyrocatechin  with  potassium  hydroxide  and  potassium 
methylsulphate  to  180°;  by  heating  methyl-pyrocatechuic  acid  ^yith 
calcium  hydrate  :.  C,H,(CH3)O,  =  CO,  +  C,H,(CH0O, ;  and  by  dry 
distillation  of  guaiac  resin.  ^ 

Guaiacol  is  a  colourless  liquid,  having  a  specific  gravity  of  1-117 
and  boiling  at  200°;  slightly  soluble  in  water,  easily  in  alcohol 
ether,  acetic  acid  and  alkalis.  It  forms  crystalline  salts  with  the 
alkaljs  and  alkaline  earths,  and  its  alkaline  solutions  reduce  the 
salts  ot  gold,  silver,  and  copper.  By  heating  with  hydriodic  acid 
or  tiision  with  potash,  it  is  resolved  into  pyrocatechin  and  methyl 
iodide  or  methyl  alcohol. 

Dimethyl-pyrocatechin,  C„H,(0.CH3)„  formed  by  heating  the 
potassium  derivative  of  metlfiyl-pyrocatechin  with  methyl  iocSde,  is 
a  liquid  boiling  at  205°. 

Resorcin  Q,-a,{OB.\  (1 :  3),  is  formed  by  the  action  of  melting 
potash  on  the  para-modifications  of  chlorophenol,  iodophenof 
cnioro-  and  bromo-benzenesulphonic  acids,  phenolsulphonic  and 
benzenecb-sulphomc  acids;  also  on  some  compounds  not  belonging 
to  the  para-  series.  It  appears  indeed  to  be  tlie  most  stable  of  the 
tnree  diatomic  phenols,  and  is  accordingly  produced  by  molecular 
transposition,  especially  at  high  temperatures,  in  some  cases  when 
f«  T  ?'  Pf'i-conipound  might  be  expected  to  result.  Eesorcin 
IS  also  formed  by  the  action  of  melting  potash  on  umbelliferone,  and 
on  various  resins  and  gum-resins,  as  galbaniiin,  assafoetida,  gum 
ammoniacum,  sagapenum,  and  acaroid  resin.  It  is  most  easily  pre- 
(  pared  by  the  dry  distillation  of  extract  of  Brazil  wood. 

Kesorcm  is  very  soluble  in  water,  alcohol,  and  ether,  and 
crystallises  from  very  concentrated  solutions,  in  prisms  belongino^ 
to  the  trimetric  svstcm,  colourless  at  first,  but  afterwards  beconiiii^ 
rec  dish  It  melts  at  110°,  and  boils  at  271°,  distilling  alino.st 
without  residue.    Its  aqueous  solution  is  coloured  violet  by  ferric 
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chloride,  is  not  precipitated  by  lead  acetate,  and  reduces  silver 
nitrate  only  at  the  boiling  heat,  except  in  presence  of  ammonia, 
in  which  case  the  reduction  takes  place  in  the  cold.  These 
characters  distinguish  resorcin  from  pyrocatechin.  A  very  delicate 
test  for  resorcin  is  its  conversion  into  fluorescein  (g.  v.)  by  heating 
with  phthalic  anhydride.  Bromine-water  added  to  the  aqueous  solu- 
tion throws  down  the  trihromo-com'pouTvd,  C6HBr3(OH)2.  Resorcin 
also  forms  a  triacetyl-compound,  C6H3(C2H30)(O.C2H30)2,  and  two 
benzoyl-derivatives,  Ce.H2(O.C7H50)2,  and  CsH3(C7H.O)(O.C,H50)2. 

N itro-resorcins.—Di-nitroresorcin,  CgH2(N02)2.(OH)2,  formed 
by  adding  potassium  nitrite  to  a  very  dilute  solution  of  resorcin 
mixed  with  acetic  acid,  crystallises  with  molecules  of  water  in 
yellowish  grey  or  brown  laminae,  which  detonate  when  heated 
to  115°. 

Trinitroresorcin,  Oxypicric  or  Styphnic  acid,  C6H(N02)3(OH)2,  is 
produced  by  the  action  of  cold  nitric  acid  on  several  gum-resins 
(galbanum,  sagapenum,  gum  ammoniacum),  and  on  many  vegetable 
extracts  (Sapan-wood,  Brazil-wood,  &c.). ;  also  by  heating  meta- 
nitrophenol  with  strong  nitric  acid.  It  crystallises  in  large 
yellow  hexagonal  prisms  or  laminae,  sparingly  soluble  in  water, 
melting  at  175°,  and  subliming  when  cautiously  heated,  explodin^g 
when  quickly  heated.  With  ferrous  sulphate  and  lime-water,  it 
exhibits  at  first  a  green  colour,  which  afterwards  disappears  (dis- 
tinction from  picric  acid,  which  is  thereby  coloured  blood-red). 
Trinitroresorcin  is  a  strong  bibasic  acid,  forming  well-crystallised 
salts,  which  detonate  violently  when  heated. 

Tri-amidoresorcin,  CaH(NH2)3(OH)2.— The  hydrochloride  of  this 
base,  CgHgNgOj-SHCH  HgO,  produced  by  the  action  of  tin  and 
hydrochloric  acid  on  trinitroresorcin,  forms  large  yellowish,  easily 
soluble  crystals.  The  solution  of  the  stanno-chloride  (the  im- 
mediate product  of  the  reaction),  is  coloured  dark  red  by  ferric 
chloride,  or  by  exposure  to  the  air,  and  deposits  on  standing  red 
needles,  consisting  of  the   hydrochloride  of  amido-diimido- 

r  eso  rein,  CeH(OH)2(NH2)<JJ§>.HCL    Ammonia  added  to  the 

solution  of  this  salt  separates  the  free  base  in  slender  needles, 
having  a  green  metallic  lustre. 

Hydroquinone,  CgH4(OH)3  (1 :  4),  is  formed  by  fusing  para- 
iodophenol  with  potash  to  180° ;  by  dry  distillation  of  oxj-salicylic 
and  of  quinic  acid,  and  by  heating  the  aqueous  sohition  of  the  latter 
with  lead  peroxide : 

CrR,^0,  +  0  =  C.H.O^  +  CO^  +  STi,0; 

also  from  arbutin  (see  Glucosides),  by  boiling  with  dilute  sulphuric 
acid,  or  by  the  action  of  emulsin : 

C,,H,,Oj  +  H2O  =  C«H«02  +  CeH,20e. 

It  is  most  easily  prepared  from  quinone  by  reduction  with  sul- 
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phuroiis  acid,  CeH402  +  H2  =  C(jHg02.  Gaseous  sulphur  dioxide  is 
passed  into  an  aqueous  solution  of  quinone,  till  the  liquid,  -which  at 
first  assumes  a  brown  colour  from  fonnation  of  quinhydrone, 
becomes  colourless.  The  solution  is  then  evaporated  down,  and 
the  hydroquinone  extracted  by  ether. 

Hydroqiiinone  crystallises  from  water  in  colourless  rhombic  prisms, 
melting  at  169°,  subliming  when  carefully  heated,  decomposing 
when  suddenly  heated.  It  dissolves  in  17  parts  of  water  at  15°, 
easily  in  alcohol  and  ether.  It  unites  with  hydrogen  sidpliide  and 
sulphur  dioxide,  forming  crystalline  compoimds  which  are  decom- 
posed by  water.  Its  aqueous  solution  is  turned  red-brown  by 
ammonia,  and  is  not  precipitated  by  lead-acetate  except  in  presence 
of  ammonia.  Oxidising  agents  convert  quinone  first  into  quin- 
hydi-one,  then  into  quinone : 

Hycli-oquinone.  Quinhydrone.  Quinone. 

Substitution-products  of  hydroquinone  are  obtained,  not  directly 
from  hydroquinone,  but  from  the  corresponding  derivatives  of 
quinone  or  of  arbutin. 

Clilorhydroquinones  are  produced  by  reduction  of  chloroqiiinones 
"with  sulphurous  acid.  CgH^CljOj  melts  at  158°,  C5H3CI3O9  at 
134°,  CgHaCl^Og  above  200°. 

Dinitrohydroquinone,  CgH4(N02)2(OH)2,  obtained  by  boiling  clini- 
tro-arbutin  with  dilute  siUphuric  acid,  forms  golden-yellow  laminse ; 
its  aqueous  solution  is  coloured  dark  blue  by  alkalis. 

Dichlorhydroquinone-disulphonic  acid,  CgCl2 1  |sQ^y;)  5  is  formed 

by  heating  tetrachloroquinone  with  a  dilute  solution  of  acid  sodium 
snlphite,  tetrachlorhydroquinone  being  produced  in  the  first 
instance,  and  two  of  its  chlorine-atoms  then  replaced  by  the  groups 
SO3H.  The  aqueous  solution  of  this  acid  is  coloured  indigo-blue 
by  ferric  chloride.  A  solution  of  its  potassium  salt,  containing  free 
potash,  oxidises  quickly  on  exposure  to  the  air,  and  is  converted  into 

yellow  potassium  euthiochroate,  Cg(0H)2 1  |go  K)  ' 

Quinone,  CgH^-<Q>-,  is  produced  by  the  oxidising  action  of 

manganese  dioxide  and  sulphuric  acid,  or  of  dilute  chromic  acid,  on 
niimerous  benzene-derivatives  {e.g.,  phenylenediamine,  aniido- 
phenol,  amidobenzene-sulphonic  acid),  especially  those  belonging 
to  the  para-  series ;  also  by  distilling  various  vegetable  extracts  with 
MnOg  and  sulphuric  acid.  It  is  most  easily  prepared  by  gently  heat- 
ing quinic  acid  (1  part)  with  manganese  dioxide  (2  parts)  and  sul- 
phuric acid  (1  part  diluted  with  \  part  water). 

Quinone  crystaUises  in  golden-yellow  prisms,  melts  at  116°,  and 
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sublimes,  even  at  ordinary  temperatures,  in  shining  needles.  It  has 
a  pungent  tear-exciting  odour,  distils  easily  vnth  aqueous  vapour, 
and  dissolves  sparingly  in  cold  water,  easily  in  hot  water,  also  in 
alcohol  and  ether.  By  reduction  with  sulphurous  acid,  or  -with  zinc 
and  hydrochloric  acid,  it  is  converted,  first  into  ciuinhydrone,  then 
into  hydroquinone.  Phosphorus  pentachloride  converts  it  into  para- 
dichlorobenzene. 

Chloroquinones  are  formed  by  the  action  of  chlorine  on  quinone, 
and  by  distilling  quinic  acid  with  MnOg  and  hydrochloric  acid. 
C^HaClOg,  forms  yeUow  needles.  CgHgClgOg,  produced  also  by  the 
action  of  hypochlorous  anhydride,  CI2O,  on  benzene,  and  by  heating 
trichlorophenol  with  nitric  acid,  forms  large  yellow  prisms,  melting 
at  120°.  C(-HCl302,  obtained  also  by  the  action  of  chromyl  chloride, 
CrOaClj,  on  benzene,  crystallises  in  large  lamincB  melting  at  166°. 

Tetrachloroquinone  or  Chloranil,  C|,Cl402,  is  formed,  together  with 
C^HClgOj,  from  many  benzene-derivatives  (aniline,  phenol,  isatin, 
&c.)  by  the  action  of  chlorine,  or  of  potassium  chlorate  and  hydro- 
chloric acid.  It  is  best  prepared  by  gradually  adding  a  mixture  of 
1  part  crystallised  phenol,  and  4  parts  potassium  chlorate  to  hydro- 
chloric acid  diluted  with  an  equal  volume  of  water,  and  slowly 
heating  the  liquid.  Red  crystals  then  separate,  which,  on  further 
addition  of  potassium  chlorate,  are  converted  into  a  yellow  mixture 
of  tri-  and  tetra-chloroquinone.  To  separate  these  compounds,  they 
are  converted  by  sulphurous  acid  into  the  corresponding  chloro- 
hydroquinones  {GQR2C\fi^  is  insoluble  in  water),  which  are  then 
reconverted  into  the  chloroquinones  by  oxidation. 

Chloranil  forms  golden-yellow  shining  laminae,  insoluble  in  water,  , 
soluble  in  hot  alcohol  and  in  ether,  subliming  at  about  150" ;  con- 
verted by  PClfi  into  perchlorobenzene. 

Chloranil  dissolves  with  pnrple-red  colour  in  dilute  potash-ley, 
forming  the  potassium  salt  of  chloranilic  acid;  CbC1202(OK)2-I- 
HgO,  which  crystallises  in  dark  red  needles,  sparingly  soluble  in 
water.  Acids  decompose  it,  separating  chloranilic  acid, 
CbC1202(OH)2 -1- HjO,  in  reddish  shining  scales.  Chloranil  is  con- 
verted by  aqiieous  ammonia  into  chloranuamide,  CbC1202(NII9)„  and 
chloranHamic  acid,  C6Cl2(NH2)02(OH). 

Bronioquinones,  analogous  to  the  chloroquinones,  are  obtained 
by  similar  reactions.  Bromanil,  CgBr^Oj,  is  most  readily  prepared 
by  heating  phenol  (1  part)  with  bromine  (10  parts),  iodine  (3  parts), 
and  water,  to  100°.  Golden-yellow  laminJB  sparingly  soluble  in 
carbon  sulpliide. 

C.H,(OH)— 0  . 
auinhydrone,  C,,R,oOi  =  C,R,0,.C,B.fi,  =  ^  h  (0H)-(!)  ' 

formed  by  treating  quinone  in  aqueous  solution  with  a  quantity  of 
sulphurous  acid  not  suiScient  for  complete  reduction ;  also  by  in- 
complete oxidation  of  hydroquinone,  and  by  mixing  the  aqueous 
solutions  of  quinone  and  hydi'oquinone.  It  crystallises  in  flat 
prisms,  having  a  splendid  golden-green  metallic  lustre  like  that 
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of  the  wing-cases  of  the  rose-beetle,  and  sublimes  in  green  laminas 
It  IS  lusible,  has  but  little  odoiu-,  dissolves  freely  in  hot  water  with 
a  brown  colour,  in  alcohol  and  ether  with  green  colour  It  is 
resolved,  by  boHing  with  water,  into  quinone  which  distils  over 
andhydi-oquinone;  and  is  converted,  by  oxidation  into  quinone  bv 
reduction  iato  hydroquinone.  '  ^ 

Phenoquinone,  C«H,<g-g-C«H5  ^  ^ro,\uc^^  by  careful 
oxidation  of  phenol  with  chi-omic  acicf,  and  (together  with  quinhy- 
dydrone  and  hydroquinone)  by  mixing  the  aqueous  solutions  of 
quinone  and  phenol.  It  forms  red,  very  volatile  needles,  melting  at 
71  ,  soluble  m  water,  more  easily  in  alcohol  and  ether.  It  is 
coloured  blue  by  potash,  green  by  baryta  or  ammonia. 

Diatomic  Phenols,  G,B.,0,  =  CeH3(CH3)(OH)„.  -  Orcin 
exis  s  ready  formed  m  aU  the  lichens  [LcLnora  tartarea,  Rocella 
hndorm  Variolana  orcma,  &c.)  which  are  used  for  the  preparation 
of  archil  and  htnius  ;  and  is  the  general  product  of  the  decomposi- 
tion of  certam  acids  extracted  from  these  lichens  (orsellinic  acid, 
erythnc  acid,  &c.)  under  the  influence  of  heat  or  of  alkalis.  Orsel- 
cXn^'lSLSnloTcir:  "^'"^  l^-yta-water,  splits  up  into 

orIeiliidc''ad(S-''^'°^^^'^  treatment  into  everninic  and 

Ci8H,,0,    +    H^O    =    CoH.oO,    +  C,H,0,. 

Kverninic  Orsellinic. 

SSpSS      "^^^^^^  ^        -amier  into  orsellinic 

En'tlinn.  Orsellinic  Picroerytlirin 

acid. 

the  orsellinic  acid  being  further  resolved  as  above  into  CO,  and 

orcm,  and  the  pycroerythrin  into  CO^,  erythrite  (p.  186),  and 

^AOr  +  H,0  =  CO,  +  C.HioO,  +  C.HgO^. 

i.  J°?^,^P'1^f  ^  quantity,  one  of  the  lichens  above  mentioned 
18  boiled  with  milk  of  lime,  the  liquid  filtered  and  evaporated  to 
rae-iourth;  the  lime  precipitated  by  carbonic  acid;  the  iiltrate 
evaporated  nearly  to  dryness  on  the  water-bath  ;  the  residue  boiled 
several  tunes  with  benzene  ;  the  orcin  extracted  from  the  benzene- 
solution  by  agitation  with  water;  and  the  aqueous  solution 
evaporated. 

Orcin  may  also  be  prepared  by  the  action  of  melting  potash  on 
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extract  of  aloes,  and  on  the  potassium-salt  of  chlorotoluene- 
sulphonic  acid.  .  .  . 

Orcin  crystallises  in  colourless  six-sided  prisms  containmg 
C7H8O2.H2O.  It  has  a  sweet  taste;  dissolves  readily  in  water, 
alcohol,  and  ether ;  melts  at  58° ;  gives  off  its  water  of  crystallisation 
at  86",  and  boils  at  290°.  Its  aqueous  solution  is  precipitated  by 
lead  acetate,  coloured  blue-violet  by  ferric  chloride,  and  exhibits 
with  hypochlorites  a  transient  dark  violet  coloration. 

The  hydroxyl-groups  in  orcin  may  be  replaced  by  acid  and  by 
alcoholic  radicles ;  the  diethylic  ether,  C7Hg(OC2H5)202.  ^o'Aa  at 
240°-250°. 

Trihromorcin,  CflBr3(CH3){OH)2,  is  precipitated  by  bromine-water 
from  the  aqueous  solution  of  orcin. 

Trinitro-orcin,  C(N02)3(CH)3(OH)2,  produced  by  dissolving  orcin 
in  a  well-cooled  mixture  "of  strong  nitric  and  sulphuric  acid,  forms 
long  yellow  needles,  which  melt  at  162°,  and  react  very  much  like 
trinitroresorcin.  By  the  action  of  tin  and  hydrochloric  acid  it  is 
reduced  to  triamido-orci7i,CQ(N'ii2)s{CE.s){0'H.)2,  which  forms  colour- 
less crystals,  and  is  converted  by  exposure  to  the  air  into  crystals  of 

NH 

amido-dimido-orcin,  C(j(CH)3NH2<C[-^jj^ . 

Orcin  unites  with  dry  ammonia,  forming  a  crystalline  compound, 
C^HgOa-NHj ;  and  when  a  solution  of  orcin  containing  ammonia  is 
exposed  to  the  au-,  it  absorbs  oxygen,  acquires  a  dark  red  or  purple 
colour,  and  gives  with  acetic  acid  a  deep  red  pulverulent  preci- 
pitate of  orcein,  C^HyNOg,  formed  according  to  the  equation: 

CrH802  +  NH3  -I-  O3  =  .C7H7N03  +  2H2O . 

Orcein  unites  with  metallic  oxides,  forming  red  lakes.  It  is  the 
chief  constituent  of  the  dye-stuffs  known  as  archil,  cudbear,  French, 
purple,  and  litmus.  The  last-mentioned  substance,  which  is  exten- 
sively used  for  the  preparation  of  test-papers,  is  prepared  from 
Boccella  tinctoria  or  Lecanora  tartarea,  by  macerating  the  lichen  in 
solution  of  ammonium  carbonate,  exposing  the  liquid  to  the  air 
for  20  to  40  days,  and  thickening  the  colouring  matter  thus 
obtained  mth  chalk  or  gypsum. 

Isorcin,  CcH3(CH3)(OH)2,  obtained  from  toluidine-disulphonic 
acid,  forms  colourless  needles,  melts  at  87°,  and  boils  at  260°. 

Homopyrocatechin,  aH802  =  C6H3(CH3)(OH)2,  which  has  not 
been  obtained  in  the  ciystalline  state,  is  produced  by  the  action  of 

hydriodic  acid  on  creasol,  CgHioOa  =  CjHg<Q^jj  ,  which  is  its 

methylic  ether.  Creasol  is  one  of  the  constituents  of  beech-tar 
(p.  489),  and  is  formed  together  with  guaiacol,  by  the  dry  distillation 
of  guaiac  resin.  It  is  a  colourless  liquid,  very  much  like  guaiacol, 
boils  at  219°,  and  reduces  silver  nitrate  when  heated  with  it.  Its 
alcoholic  solution  is  coloured  dark  green  by  ferric  chloride. 
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Hydrotohiquinone,GaR^{GB^XOIl)2,aiic\Tohiqii^^^^^ 
are  not  known;  but  di-  and  tri-chlorotoluquinone,  C„HCf, 
(CH3)02  and  C8Cl3(CH3)(OH)o,  are  formed  by  the  action  of  hydro- 
chloric acid  and  potassium  chlorate  on  cresol,  just  as  the  six-carbon 
chloroquinones  are  obtained  from  phenol.  The  trichloro-com- 
pound  forms  yellow  laminar  crystals,  and  is  converted  by  heating 
■with  aqueous  sulphurous  acid  into  trichloro-hydrotoluquinone*^ 
CaCl3(CH3)(OH)o,  which  crystallises  in  colonrless  needles. 

Diatomic  Phenols,  C8Hip02  =  C8H8(OH)2.  —  Hydro- 
phlorone  is  obtained  by  the  action  of  sulphurous  acid  on  phlorone, 
or  xyloquinone,  CgHgOj,— a  compound  obtained  by  distilling  coal- 
tar  oil  or  beech- tar  creosote,  boiHng  above  210°  with  MnOg  and 
sulphuric  acid.  It  forms  colourless  lamiuEe,  having  a  mother-of- 
pearl  lustre,  fusible,  sublimable,  easily  soluble  in  water,  alcohol,  and 
ether.  Oxidismg  agents  convert  it  into  phlorone,  CoHoOo,  which 
forms  yellow  volatQe  needles. 

Beta-orcin  is  obtained  by  drv  distillation  of  usnic  acid  and  other 
acids  occurringin  lichens,  e.g.,  CqR^^O^  (evernic  acid)  =  CsR.^O^  +  CO,. 
Colourless  crystals,  easily  soluble  in  hot  water,  melting  at  109°. 
The  aqueous  solution  turns  red  when  mixed  with  ammonia  and  ex- 
posed to  the  air,  and  is  coloured  dark  red  by  bleaching  poM-der. 

Veratrol,  obtained  by  distillation  of  veratric  acid,  C8H10O4,  with 
baryta,  is  an  oil  solidifymg  at  -t- 15°,  and  boiling  at  202°-205°. 

Thymoliydroquinoiie,CioHi,(OH)2  =  C8H2(CH3)(C3H,)(OH)„ 
the  only  known  diatomic  phenol  contaiuiag  10  atoms  of  carbon,  is 
produced  by  the  action  of  sulphurous  acid  on  thymoquinone,  and 
crystallises  in  limpid,  shining,  four-sided  prisms,  melting  at  139-5°, 
and  subliming  without  decomposition  ;  converted  by  oxidation  into 
thymoquinone.  Its  methylic  ether  is  a  constituent  of  the  volatile 
oil  of  Arnica  montana. 

Thymoquinone,  CioHi2<q>  (thymoil),  is  produced  by  distil- 
ling thymol  and  carvacrol  with  MnOj  and  sulphuric  acid.  It  crys- 
tallises in  yellow  tables,  melts  at  45-5°,  and  boils  at  200°. 

Triatomic  Phenols,  CbH3(OH)3. 

Pyrogallol  or  Pyrogallic  Acid,  is  produced  by  the  action 
ot  heat  on  gallic  (dioxysalicylic)  acid:  C,H„06  =  C02  +  C|,Hn03 ; 
also,  together  with  gallic  acid,  by  the  action  of  hot  caustic  potash 
on  di-iodosalicylic  acid,  CfH4l203.  It  is  conveniently  prepared  by 
heating  a  dried  aqueous  extract  of  gall-nuts  to  180°-185°  in  an  iron 
pot  covered  with  a  paper  cap  ;  it  then  sublimes  and  condenses  on 
the  cap  in  long  flattened  prisms. 

Pyrogallol  is  soluble  in  water,  alcohol,  and  ether;  it  melts  at 
116  ,  boils  at  210°,  and  decomposes  at  250°,  giving  off  water,  and 
leavinfr  a  residue  of  metagallic  acid,  C^B^.O^.  Pyrogallol  dis- 
solves m  caustic  potash  or  soda,  forming  a  solution  which  quickly 
FOWNES.— VOL.  II.  2  I 
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absorbs  oxygen  from  the  air,  and  turns  black  ;  this  solution  forms 
a  very  convenient  reagent  for  the  eudiometric  analysis  of  air  (i.  154). 
With  solutions  of  ferrous  salts,  it  produces  a  blact-blue  colour ;  with 
ferric  salts  a  red  colour.  Pyrogallol  quickly  reduces  gold,  silver, 
and  mercury  from  their  salts,  and  forms,  with  lead  acetate,  a  white 
lirecipitate,  CgHgOgPhO. 

With  bromine  pyrogallol  forms  a  tribromo-derivative,  CpBrgCOHg); 
with  acetyl  chloride  it  yields  a  triacetyl-derivative,  CbH3(OC2H30)3, 
forming  crystals  sliglitly  soluble  in  water. 

Phloroglucin,  CgHcOg. — Phlorizin,  or  Phloridzin,  C^{S.^f)y^, 
a  crystalline  substance  found  in  the  root-bart  of  the  apple,  pear, 
j)lum,  and  cherry  trees,  is  resolved  by  boiling  with  dilute  acids  into 
glucose  and  phloretin,  CigH^^Og  : 

and  phloretin  heated  with  aqueous  potash  is  resolved  into  phloretic 
acid  and  phloroglucin  : 

Phloroglucin  crystallises  in  large  colourless  prisms  containing 
2H,0  ;  effloresces  on  exposure  to  the  air ;  gives  off  aU  its  crystallisa- 
tion-water  at  100°;  melts  at  230°,  and  sublimes  without  decom- 
position. It  has  a  sweet  taste,  and  dissolves  easily  in  water,  alcohol, 
and  ether.  Its  aqueous  solution  is  precipitated  by  lead  acetate,  and 
coloured  dark  violet  by  ferric  chloride. 

Phoroglucin  is  converted  by  chlorine  into  dichloracetic  acid; 
with  bromine  and  with  nitric  acid  it  forms  tri-substitution  deriva- 
tives ;  with  acetyl  chloride  and  benzoyl  chloride  it  yields  the  ethers 

CeHg  j  ^Q^^  Q  and  CgHa  j  J^^^^      both  of  which  are  crystalline. 

Its  dibutyryl-ether,  CqH.^  <        -g-      ,  called  filicic  acid,  occurs 

in  the  root  of  the  male  fern  (Aspidium  Filix  mas)  as  a  crystalline 
substance,  which  is  resolved  by  fusion  with  potash  into  phloro- 
glucin and  butyric  acid. 

With  ammonia  phloroglucin  forms  the  basic  compound,  phlor- 

amine,  CgHg  |  ^S^^,  which  forms  crystalline  salts  with  acids. 


Appendix  to  the  Fhenols. — Phenol- dyes. 

Aurin  or  Rosolic  Acid,  CgoH^Oj  (or  C20H10O3  0— TMs 
compound,  also  called  OoraUin,  is  a  red  colouring  matter,  obtained 
by  heating  phenol  with  oxalic  and  sulphuric  acid,  the  oxa,lic  acid 
being  then  resolved  into  CO,  CO^,  and  H2O,  and  the  CO  reacting 
with  the  phenol,  as  shown  by  the  equation  : 

3C0H0O  +  2C0  =  C20H11O3  +  2H2O. 
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To  obtain  a  pure  product,  the  mixture  of  sulphuric  acid  and  phenol 
must  be  heated  on  a  water-bath,  and  the  oxalic  acid  added  eraduallv 
waitmg  each  time  till  the  evolution  of  gas  ceases,  and  not  usin<^ 
suthcient  oxalic  acid  to  attack  all  the  phenol.  The  aurin  thul 
obtamed  has  exactly  the  composition  CqH^^Oo  .* 

A  commercial  dye-stuff,  known  as  aurin,  coraUin,  or  pjeonin,  which 
gives  a  fine  yeUow-red  coloiu-  to  wool  and  silk,  is  prepared  in  a 
similar  manner.  It  is  a  mixtm-e  of  several  substances,  but  may  hs 
punhed  by  treatment  with  aqueous  ammonia,  which  dissolves  the 
extoaneous  matters,  leaving  a  residue  of  nearly  pure  aurin 

The  same  compoimd  is  obtained  by  the  action  of  nitrous  acid  on 
rosaniiine  (p.  462)  ;  and  it  is  reconverted  into  that  base  by  heatin<^ 
with  ammonia  m  aqueous  or  alcoholic  solution  : 

C20H14O3  +  3NH3  =  +  3H2O. 

From  this  it  would  appear  that  the  formula  of  rosaniiine  should 
fie  whereas,  according  to  Hofmann's  analysis,  its  com- 

position IS  C20H19N3.  Further  investigation  is  therefore  required  to 
clear  up  this  chscrepancy.t 

Aiuin  crystallises  from  alcohol  in  red  pri,sms,  having  a  green 
metaUic  lustre  It  is  insoluble  in  water,  but  soluble  in  alcohol, 
strong  hycbochloric  acid,  and  glacial  acetic  acid.  It  unites  with 
'ITiw  n  '  ^"^y'l^'ie,  forming  garnet-red  crystals,  (C^oHi.OgLSOo 
+  S^H^O,  and  forms  crystalline  compounds  with  bisulphites  of 
alkali-metal,  e.g  C2oHi,03.NaHS03.  Bromine  added  to  its  acetic 
acid  solution  throws  down  the  compoimd  C„oH,oBr,0,  in  shining 
green  lanunae.  lu    1  d  s 

By  reduction  with  zinc-dust  in  alcoholic  solution,  aurin  is  con- 
verted into  leucaurin,  C20H10O3,  which  crystallises  fi-om  alcohol  in 
colourless  prisms,  and  is  reconverted  into  aurin  by  oxidation, 
rnaceiij^^mcm ,  aoHi3(C2H30)303,  produced  by  heating  leucaurin 
with  acetyl  chloride,  forms  short  silky  needles,  easily  soluble  in 
alcohol  and  m  acetic  acid. 

Phthaleina.-These  are  compounds  formed,  with  elimination 
01  water,  by  the  co^jmation  of  phenols  with  phthalic  anhycbide, 

C8H403  or  CbH4<j-,q>0,    Theycontaia  the  ketonic  group  CO, 

together  with  the  hycboxyl-groups  of  the  phenols,  and  are  conse- 
quently intermediate  in  character  between  the  phenols  and  ketones, 
ifiey  are  all  more  or  less  coloured,  and  act  as  dyestufls.  By  liydro- 
genation  (action  of  zmc-dust  in  alkaline  solution)  they  are  converted 
into  phthahns,  colourless  compounds  in  which  the  ketonic  groups 
are  converted  into  alcoholic  groups,  C(OH) ;  e.g., 

vo*  ii^p^l2i^  Schorlemmer,  Cliem.  Soc.  Jour.  1873,  434;  and  1877, 

nJtf?rt^^?;^'^  Sohorlemmer  observe  that,  in  the  analysis  of  orgauic  colourine 
niauers,  the  percentage  of  hydiogou  la  ofteu  found  too  high.  * 
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C6H,<co_c;h;-OH  ^«''*\i(OH)-C„H,-OH 

Phenol-phthalein.  Phenol-phthalin. 
By  oxidation,  the  plithalins  are  reconverted  into  plitlaaleins. 

Phenol-phthalein,  C20H14O4,  is  prepared  by  heating  10  parts 
of  phenol  with  5  parts  of  phthalic  anhydride  and  4  parts  of  strong 
sulphuric  acid  to  120°  for  about  ten  hours,  exhausting  the  product 
with  boiling  water,  dissolving  the  residue  in  dilute  caustic  soda, 
and  precipitating  with  acetic  acid  and  a  little  hydrochloric  acid.  It 
may  be  prepared  by  boiling  its  alcoholic  solution  with  animal  char- 
coal, and  precii^itating  the  filtrate  with  water.  It  then  separates  as 
a  white  or  yellowdsh-white  crystalline  powder,  or  in  triclinic  crystals, 
according  as  the  precipitation  is  effected  quickly  or  slowly.  It 
dissolves  in  alkalis  with  fuchsine-red  colour,  and  on  heating  the 
alkaUne  solution  with  zinc-dust,  it  becomes  colourless,  from  con- 
version of  the  phthalein  into  phenol-phthalin,  C2oHie04,  wliich 
separates  on  addition  of  hydrochloric  acid,  in  white  prisms.  This 
compound  dissolves  in  strong  snlphmic  acid,  and  the  solution, 
mixed  with  water,  deposits  an  amorphous  yellowish  substance, 
C20H14O3,  called  phenol-phthalidin,  which  may  be  reconverted 
into  the  phthalin  by  heating  with  water  to  175°.  By  exposure  to 
the  air,  or  more  quickly,  by  treatment  with  manganese  dioxide, 
potassium  manganate,  or  potassium  ferricyanide,  it  is  converted  mto 
a  compound,  C^qH-uO^,  isomeric  with  phenol-phthalein,  which 
separates  in  monocliuic  crystals. 

Kesorcin  -  phthalein     or     Fluorescein,      CagHijOg  =■ 
/CO— Cg  H3— OH 
CfiHi^  >0        ,  prepared  by  heating  resorcin  with  phthalic 

^CO— Co  H3— OH 
anhydride  to  200°,  forms  dark-brown  crystals,  which  dissolve 
in  ammonia,  forming  a  red  solution  with  splendid  green  fluor- 
escence. Ou  adding  bromine  to  its  solution  in  glacial  acetic  acid, 
tetrabromoresorcin  -  phthalein,  or  Eosin,  gradually  sepa- 
rates in  crystals,  which  may  be  purified  by  conversion  into  » 
potassium  salt  and  precipitation  with  an  acid.  From  dilute  alcohol 
it  separates  in  dull,  flesh-coloured  crj-stals  ;  from  absolute  alcohol 
in  red  crystals  containing  1  molecule  of  alcohol.  Its  potassium  salt, 
CsoHgBr^OjKg,  known  in  commerce  as  "  soluble  eosin,"  dyes  sUkof 
a  fine  rose-colom-. 

Pyrocatechin-phthalein,  CjoHijOj,  formed  by  gently  heating 
pyrocatechin  with  phthahc  anliydride'  and  sulplniric  acid,  dissolves 
in  potash-ley  with  a  fine  blue  colour .  H  y  d  r  0  q  u i  n  0  n  e  -  p  h  t h  a  1  e in, 
formed  in  like  manner,  dissolves  in  strong  sulphuric  acid  with 
brick-red  colour,  in  alkalis  with  violet  colour. 
,  Orcin-phthalein,  CgjHioOg,  forms  colourless  needles,  dissolving 
in  alkalis  with  dark-red  colour,  without  fluoresceiice.  . 
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'-«-ti4^C0— C„H.;(0H)3 '  proc^wced  by  heating  pyrogciUol  with 
phthaHc  anhydride  to  190°-200°  forms  a  brown-red  powder  or 
small  crystals,  with  green  siirface-coloiir.     It  dissolves  in  alcohol 
with  dark-red  in  potash-ley  mth  fine  blue  colour.    By  zinc-dust 
or  by  zinc  and  su  phuric  acid,  it  is  converted  into  gallin,  C,JI,„0-' 

9000  "Ti.'^f^''^  "'y^''^''  ^^'^  i«  converted  by  heating 

to  200  ,  with  strong  sulphuric  acid,  into  ccerulein,  C,„H,„0-,  ablul 
dye-stuft  which  dissolves  in  alkalis  with  green,' in  "aniline  with 
splenclid  blue  colour,  and  is  reduced  by  zinc-dust  to  ccerulin. 


Normal  Aromatic  Alcohols. 

These  compounds,  formed  by  substitution  of  OH  for  H  in  the 
la  eral  chains  of  the  hydi-ocarbons  homologous  with  benzene,  con- 
tain the  group  CH^OH,  and  are  therefore  primary  alcohols, 
convertible  by  oxidation  into  aldehydes  and  acids  containing,  th^ 
same  number  of  carbon-atoms  as  the  alcohols  themselves,  and  pro- 
ducible by  methods  similar  to  those  which  yield  the  primary 
alcohols  ot  the  fatty  ser  es,  viz.  (1.)  From  the  hyiocarbons  bv^oZ 
version,  first  into  haloid  derivatives,  such  as  C(.H..CH.,C1,  then  into 
acetic  ethers,  and  saponification  of  the  latter  Vith  caustic 
aiKalis  ;  e.g., 

C„H,CH,.0C,H30  +  KOH  =  C,H30.0K  -f  C,H,.CH,.OH . 

Benzyl  acetate.  „ 

Benzyl  alcohol. 

(2.)  From  the  aldehydes,  by  the  action  of  nascent  hycbogen,  or  by 
heating  with  alcoholic  potash  :  J     6    ,  ^'^ 

2(C„H  CHO)    +    KOH    =    €V,H,.CH,.OH    +  C„H,.CO,K. 

^^"^'^'''^"y'"'-  Benzyl  j^otassiun? 

ulcohol.  benzoate. 

Monatomic  Alcohols. 

Benzyl  Alcohol,  C^HgO^C  H.-CH^OH,  may  be  prepared 
by  the  methods  just  mentioned,  or  by  the  action  of  nascent  hydro- 
gen on  benzoic  or  hippuric  acid.    Its  benzoic  ether,  C,H.O„.C,H, 
IS  one  of  the  constituents  of  Peru  and  Tolu  bulsanis.      '      ^   7  r, 

iienzyl  alcohol  is  a  colourless,  strongly  refracting,  oily  liquid 
faymg  a  specific  gravity  of  1-051  at  14°,  and  boiling  at  207°  It 
IS  insoluble  m  water,  but  soluble  in  all  proportions  in  common 
alcohol,  ether,  acetic  acid,  and  carbon  bisu![)hide.  By  oxygen  in 
presenceofBlatinum  black,  or  by  nitric  acid,  it  is  converted  into 
benzoic  aldehyde;   by  aqueous  chromic  acid,  into  benzoic 

fli  C 1  (_l  j 

C^Hg.CHpH  4-  0   =  H,p  -f-  C„H,.CHO, 
and  C;,H,.CH,OH  +  0,      11,0  -^  C„H,CO(OH). 
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Strong  hydrochloric  acid  converts  it  into  benzyl  chloride, 
C7H7CI.  Distilled  with  acetic  acid  and  strong  sulphuric  acid,  it  is 
converted  into  benzyl  acetate,  C7H7(OC2H30),  a  liqmd  having 
an  odour  of  pears,  and  boiling  at  210^.  Benzyl  oxalate, 
C20i{C^B.r)2,  forms  shining  laininaj  melting  at  80°.  ,    , ,    . , 

Alcoholic  benzyl  ethers  are  formed  by  heating  benzyl  chloride 
with  solutions  of  potash  in  the  corresponding  alcohols.  Methyl  ben- 
zylate,  aHy.O.CHa,  boils  at  168° ;  ethyl  benzylate,  C^Hy.O.CjH., 
at  185°.  Benzyl-phenylate,  C7H7.O.CBH5,  formed  by  heatmg 
benzyl  chloride  with  potassium  phenate,  CgHg.QK,  melts  at  39°,  and 
boils  at  287°.  Dibenzvl  ether,  (CVH-7)20,  obtained  by  heatmg 
benzyl  alcohol  with  boric  oxide,  [2CjH7(OH)-H20  =  (C7Hr)20],  or 
by  heating  benzyl  chloride  wth  water  to'  190°,  is  an  oil  boiling 
above  300°. 

Ghlorobenzyl  alcohol  (para),  C^H^CLCHgOH,  produced  by  heating 
parachlorobenzyl  chloride,  C0H4CI.GH2CI,  with  aqueous  ammonia, 
forms  long  needles,  melts  at  66°,  and  boils  -ndthout  decomposition. 
Other  haloid  benzyl  alcohols  are  formed  in  a  similar  maimer. 

Parcmitrobeimjl  alcohol,  CoH4(N02).CH20H,  produced  by  saponi- 
fication of  paranitrobenzyl  acetate  (obtained  by  nitration  of  benzyl 
acetate),  is  soluble  in  hot  water,  and  melts  at  93°. 

Benzyl  hydrosulphide  orBenzyl  mercaptan,  CBH5.CH2SH, 
obtained  by  the  action  of  alcoholic  potassium  hydrosulphide  on 
benzyl  chloride,  is  a  liquid  having  an  alliaceous  odour,  a  specific 
gravity  of  1-058  at  20°,  and  boiling  at  194°.  Its  alcoholic  solution 
gives,  with  metallic  salts,  precipitates  consisting  of  benzyl-mercap-, 


Benzyl  sulphide,  (C(.H5.CH2)2S,  formed  by  the  action  of  potas- 
sium monosulphide  on  benzyl'  "chloride,  in  alcoholic  solution, 
crystallises  in  colourless  needles  melting  at  49°.  By  oxidation 
with  nitric  acid,  it  is  converted  into  benzyl  oxysulphide, 
(C|.H5.CH2)2S0,  which  is  soluble  in  hot  water,  and  melts  at  130°. 

Benzyl  "disulphide,  (CeH5.CH2)2S2,  formed  by  oxidation  of 
benzyl  mercaptan  exposed  to  the  air,  crystallises  from  alcohol  m 
shining  scales  melting  at  66°.  Nascent  hydrogen  converts  it  into 
benzyl  mercaptan. 

All  these  sulphur-compounds  of  benzyl  are  decomposed  by  heat. 


Xylyl  Alcohol,*  CgHjoO  =  C«H,<f^53oTr  .-Of  the  three 


*  Generally  called  tolyl  alcohol;  hut  this  name  is  inappropriate. 
If  CoH4(CH;,).CH.,OH  is  to  be  called  tolyl  alcohol,  then  CgHs.CHoOH  should 
by  analogy  be  called,  not  benzyl  alcohol,  but  phenyl  alcohol.    The  true 

tolyl    alcohol  is  cresol,  CoH4<q53,    nietnmeric  with  benzyl  alcohol, 


tides,  e.cj.  (C«H5.CH2S)2Hg. 


CYMYL  ALCOHOL. 
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paraxylyl  chloride,  CcH,(CH3).CH2Cl,  by  the  methods  above 
described.  It  crystalUses  in  needles,  dissolves  sparingly  in  water 
melts  at  59°,  and  boils  at  217°.  Nitric  acid  converts  it  into  toluic 
aldehyde,  CgH^(CH3).CH0.  By  heating  with  hydrochloric  acid  it 
IS  reconverted  into  xylyl  chloride.  Its  acetic  ether  boils  at  243° 
The  chloride  treated  with  KHS  and  yields  the  compounds 
t'sH-oCSH)  and  (CgHJ^S. 

Metameric  with  the  xylyl  alcohols  are— (1.)  Primary  phenyl- 
ethyl  alcohol,  CfiH,.CH2.CH2.0H,  formed  by  the  action  of  sodium 
amalgam  on  a  solution  of  alpha-toluic  (phenyl-acetic)  aldehyde, 
CgH-.CHj.CHO,  dissolved  in  aqueous  alcohol.  Colourless  liquid, 
boiling  at  212°.  Specific  gravity,  1-0337  at  21°.  Converted  by 
grad^ual  oxidation  into  alpha-toluic  acid.    Its  acetic  ether  boils  at 

(2.)  Secondary  phenyl-ethyl  alcohol,  CeH5.CHOH.CH,, 
prepared  from  bromethyl-benzene,  C0H5.CHBr.CH3  (p.  441),  in  the 
same  manner  as  benzyl  alcohol  from  benzyl  chloride  ;  and  by  the 
action  of  sodium-amalgam  on  acetophenone,  CgHg.CO.CH,.  It  is  a 
colourless  liquid,  boiling  at  202°-203°,  having  a  density  of  1-013 
and  reconverted  by  oxidation  into  acetophenone.  ' 

Phenyl-propyl  Alcohols  C9Hi20=C„H5.CH,.CH2.CH2.0H, 
produced  by  the  action  of  nascent  hydrogen  on  styryl  alcohol  or 
cmnamic  alcohol,  CgHi^O,  is  a  liquid  boiling  at  235°.— Secondary 
phenyl-propyl  alcohol,  CeH5.CH2.CH(OH).CH3,  formed  by  the 
action  of  nascent  hydrogen  on  ethyl-phenyl  ketone,  is  a  liquid 
boiling  at  210°-211°.  ^      ^  1 

..1?^"^^^  r  ^J.oj"0  =  W3(OH)=C„H„.CH20H,  also 

called  Lumylic  Alcohol.— T^his.  alcohol,  discovered  by  Kraut  is  pro- 
duced together  with  cmnic  acid,  CjoHi^G^,  by  the  action  of 
alcohohc  potash  on  cumic  aldehyde  : 

2C,oHi20  +  KOH      CioHiiKO^  +  Ci„Hi,0. 

It  is  a  colourless  liquid,  boiling  at  243°,  insoluble  in  water, 
soluble  in  aU  proportions  in  common  alcohol  and  ether.  Nitric 
acid  converts  it  into  cumic  acid.  Boiled  with  alcohoUc  potash, 
it  is  converted  into  potassium  cumate  and  cymene: 

3CioHi,0  +  KOH  =  C10H11KO2  +  2C10H,,  +  2H2O. 

Hydrochloric  acid  gas  converts  it  into  cymyl  chloride,  CioHi3Cl 
Metameric  with  this  compoimd  is : 

Benzyl-dimethyl  Carbinol,  or  Phenyl-katabutyl  Alcohol, 

<CH3 
C-'H2(OoH5),  obtained,  similarly  to  tertiary  butyl  alcohol, 
CH3 

by  the  action  of  zinc-methyl  on  phenyl-acetic  or  «-toluic  chloride 
CnH5.CH2.COCl.  It  crystallises  in  long  colourless  needles,  melts  at 
20°-22°,  and  boUs  at  220°-230°.  >       "-s  ai 
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Sycoceryl  Alcohol,  CigHgoO  =  CisHodCOH)  =  C17H27.CH2OH, 
—This  compound,  discovered  by  De  La  Rue  and  Muller,  is  pro- 
duced by  the  action  of  alcoholic  soda  on  sycoceryl  acetate  (a  crys- 
talline substance  extracted  from  the  resin  of  Ficus  rubiginosa),  and 
purified  by  precipitation  with  water  or  by  crystallisation  from 
common  alcohol.  It  forms  very  thin  crystals  resembling  caffeine, 
and  melting  at  90°  to  a  liquid  heavier  than  water.  It  is  slowly 
attacked  by  dilute  nitric  acid,  yielding  a  crystalline  mass  appa- 
rently consisting  of  a  mixture  of  sycoceric  acid,  CigHggOg,  and 
nitrosycoceric  acid,  Ci8H27(N02)02.  Boiled  with  dilute 
aqueous  chromic  acid,  it  yields  thin  prisms,  probably  of  sycoceric 
aldehyde,  CigHagO.  With  acetyl  chloride,  it  forms  crystalline 
sycoceryl  acetate: 

C18H29OH  +  C2H3OCI  =  HCl  +  C18H29.O.C2H3O . 

With  benzoic  acid  it  yields,  m  like  maimer,  sycoceryl  benzoate, 
CigHgg.O.CjHsO,  which  crystallises  in  prisms  from  solution  in 
benzene  or  chloroform. 

The  resin  of  Ficus  rubiginosa,  an  Australian  plant,  is  resolved  by 
treatment  with  alcohol,  into  about  73  per  cent,  of  sycoretin, 
soluble  in  cold  alcohol,  14  per  cent,  of  syoceryl  acetate,  soluble  in 
hot  alcohol,  and  13  per  cent,  of  residue,  consisting  of  caoutchouc, 
sand,  and  fragments  of  bark.  Sycoretin  is  an  amorphous  white 
neutral  resin,  very  brittle,  and  highly  electric  ;  it  melts  ia  boiling 
water  to  a  thick  Kqiud  which  iioats  on  the  surface.  It  dissolves 
easily  in  alcohol,  ether,  chloroform,  and  oil  of  tm-pentine. 


Diatomic  Alcohols. 

Benzylene  Glycol,  CuH5.CH(OH)2,  appears  (for  reasons 
abeady  assigned,  p.  167),  to  be  incapable  of  existing,  the  reactions 
which  might  be  expected  to  produce  it  leading  in  reality  to  the 
production  of  benzaldehyde,  C,;Hj;.CHO.  Its  ethers  are  formed 
from  benzal  chloride,  CgHj.CHCla  (p.  439)  by  the  action  of  sodium 
alcoholates,  or  of  the  salts  of  organic  acids.  The  dimethylic  ether, 
C6H5.CH(OCH3)2,  boils  at  208°;  the  diethylic  ether,  CeH5.Cii(OC2H,)2 
at  222°.  The  acetic  ether,  CoHg.CH(O.C2H30)2,  is  crystalline ;  melts 
at  36°,  and  boRs  at  190°,  being  resolved  at  the  same  time  into 
benzaldehyde  and  acetic  anhydride. 

Xylylene  Glycol  (para),  CbH4<q§- Qg,  obtained  by  heat- 
ing paraxylylene  bromide  or  dibromoparaxylene,  CgHj(CH2Br)2, 
with  water  tp  170°-180°,  crystallises  in  colourless  needles  melting 
at  112°-113°,  easily  soluble  in  -water,  converted  by  oxidising  agents 
into  terephthalic  acid.  Its  diacetic  ether,  CbH4(CH2.0C,H30)„  melts 
at  47°. 

The  following  compounds  have  the  hydroxyl  groups,  partly  in 
the  principal,  partly  in  the  lateral  chains,  and  are  therefore  both 
alcohols  and  phenois. 


SALIGENIN — STTCERISr. 
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Saligenin,  C^HgOs  =  CoHi(OH)— CH^OH,  or  Ortho-oxybenzyl 
alcohol,  is  lormed  by  the  action  of  nascent  hydrogen  on  salicylic  alde- 
hyde, CgH^(OH).CHO ;  and  by  decomposition  of  salicia,  CigHigO^ 
(a  bitter  substance  found  in  willow  and  poplar  bark),  under  the  in- 
fluence of  emulsin  or  sjaiaptase,  the  ferment  of  sweet  almonds  : 

Salicin.  Glucose.  Baligenm. 

SaUgenin  forms  colom-less,  nacreous  scales,  freely  soluble  in 
water,  alcohol,  and  ether.  It  melts  at  82°,  and  decomposes  at  about 
100°.  Dilute  acids  at  boiling  heat  convert  it  into  saliretin, 
CjHgO,  a  resinous  substance  differing  from  saligenin  by  the  elements 
of  water.  The  same  substance  is  produced  directly  fi-om  salicin  by 
boilmCT  with  dilute  acids.  Many  oxidising  agents,  as  chromic  acid 
and  silver  oxide,  convert  saligenin  into  salicylic  aldehyde  and  sali- 
cylic acid  :  this  shows  that  it  is  an  ortho-compound.  The  aqueous 
solution  of  saligenin  gives  a  deep  indigo-blue  colour  with  ferric 
salts. 

Chlorinated  derivatives  of  saligenin,  viz.,  C^H^ClOg  and  G^R^Cl^O^, 
are  obtained  by  the  action  of  synaptase  on  the  correspondin?' 
chlorosalicin.  ° 

Anisyl  Alcohol  or  Methyl-paraoxybenzyl  Alcohol,  CgHigOa 

~^6^i<^,Q]^  Ojj)  is  prepared  from  anisaldehyde  (p.  512),  in  the 

same  manner  as  benzyl  alcohol  from  benzaldehyde.  It  crystal- 
lises in  colourless  shining  prisms ;  has  a  faint  odour  and  burning 
taste ;  melts  at  25°,  and  distils  undecomposed  at  258-8°.  By 
oxidising  agents  it  is  converted  into  anisaldehyde  and  anisic  acid  ; 
by  hydrochloric  acid  into  a  volatile  chloride,  C(iH^(OCH3).CH2Cl. 

Vanillic   or  IVEethyl-protocatecliuie    Alcohol,   CeH,„0,  = 
OCH3  '°  ^ 

CflHs^r-OH        ,  obtained  by  the  action  of  sodium-amalgam  on  an 
^CHo.OH 

aqueous  solution  of  vanillin  .(q.  v.),  forms  colourless  prismatic 
crystals,  melting  at  103°-105°,  soluble  in  water  and  in  alcohol. 

Piper^nylic  or  Methene-protocatechuic  Alcohol,  C8H803  = 

^0^3'^^         ^>  obtained  in  like  manner  from  piperonal  (q.  v.), 
CH2OH 

forms  long  colourless  prisms,  melting  at  57°,  sparingly  soluble  in 
cold,  more  easily  in  hot  water,  very  soluble  in  alcohol. 


A  triatomic  alcohol  called  Stycerin  or  Phenyl-g-lyceriiik 

CoHi203  =  CV,H,.CH(OH).CH(OH).CH20H,  formed  by  heating  the 
corresponding  dibromhydrin,  C„Hr,.CHBr.GHBr.CHijOH,  with  water 
,to  100°  for  24  hours,  is  a  light  yellow  gummy  mass,  easily  soluble 
m  water  and  in  alcohol.    The  dibromhydrin,  obtained  by  direct 
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combination  of  ■bromine  with  styryl  alcohol,  forms  large  colourless 
shining  plates  or  slender  needles,  melting  at  74°.  The  tribrom- 
hydrin,  C9HoBr3  =  CoH5.CHBr.CHBr.CH2Br,  obtained  by  treating 
the  dibromhydrin  with  excess  of  concentrated  hydrobromic  acid, 
forms  shirung  needles  melting  at  124°. 


2.  Unsaturated  Alcohols  and  Phenols  : 

Ciimyl  Alcohol,  Styryl  Alcohol,  or  Styrone,  CgHmO,  = 
CgHgOH,  or  CflH5CH=CH.CH20H,  is  obtained  by  heating  styracin 
or  cinnyl  cinnamate,  C9H9(OC9H70),(a  compound  contained  in  liquid 
storax  and  in  balsam  of  Peru),  with  caustic  alkalis.  It  crystallises  in 
soft  sUky  needles,  having  a  sweet  taste  and  an  odour  of  hyacinths, 
melting  at  33°,  and  volatilising,  without  decomposition,  at  a  higher 
temperature.  It  is  moderately  soluble  in  water,  freely  in  alcohol  and 
ether.  By  oxidising  agents  it  is  converted  into  cinnamic 
aldehyde,  CgHgO,  and  cinnamic  acid,  C4H8O2,  being  related 
to  those  compounds  in  the  same  manner  as  ethyl  alcohol  to  acetic 
aldehyde  and  acetic  acid.  With  fuming  sulphuric  acid  it  forms 
a  sulpho-acid,  CgHigSOg,  the  barium-salt  of  which  is  soluble  ia 
water.  It  unites  dii-ectly  with  2  atoms  of  bromine,  forming  stycerie 
dibromhydrin,  CgH^QBrgO  (p.  505). 

AUyl-phenol  :or  And,  C9HioO  =  CbH4(OH)(C3H5),  formed  by 
fusing  anisaldehyde  (p..  512)  with  potash,  crystallises  in  shining 
laminse,  melting  at  92°,  and  decomposing  when  distlLled. 

Methyl-allyl  Phenol,  Anethol  or  Anise-Camphor,  CigHi20  = 
CgH4(OCH3)(C3H5),  is  a  constituent  of  the  volatile  oils  of  anise, 
fennel  and  tarragon,  and  separates  therefrom  on  cooling  in  soft 
shining  scales,  melting  at  20°,  and  boiling  at  225°.  By  oxidation 
vnth  chromic  acid,  it  is  resolved  into  acetic  and  anisic  acids.  On 
heating  it  with  hydriodic  acid,  the  methyl  group  is  sepai'ated,  and 
the  mass  becomes  resinised. 

Eugenol,  C10H12O2- CeH3(OH)(OCH3)(C3H5),  (Eugenic  ovCaryo- 
phyllic  acid),  occurs  in  oil  of  cloves  (from  the  flowers  of  Caryophyll'm 
aromaticus),  in  oil  of  pimento  (from  Myrtus  pimento),  and  a  few 
other  volatile  oils,  and  may  be  obtained  therefrom  by  solution  in 
potash,  filtration,  and  precipitation  by  carbonic  acid.  It  is  a  colour- 
less, aromatic  liquid,  of  sp.  gr.  1-0779  at  0°,  boiling  at  247 '5°,  soluble 
in  alcohol.  Ferric  chloride  colours  the  solution  blue.  Eugenol, 
heated  with  hydriodic  acid,  gives  off  methyl  iodide.  By  fusion  with 
potash  it  is  resolved  into  acetic  acid  and  protocatechuic  acid, 
CeH3(OH)2.C02H.    These  reactions  determine  its  constitution. 

Eugenol  dissolves  in  soda -ley,  forming  sodium-eugenol, — 
CoH3(C3H5)(ONa)(OCH3),  which  is  converted  by  methyl  iodide  mto 
methyl-eugenol,  CgH3(C3H6)(OCH3)2,  which,  by  oxidation  with 
chromic  acid  mixture,  yields  dimethyl -protocatechuic  acid, 
CoH3(OCH3)2.C02H.  In  like  manner  are  formed  ethyl-eugenol, 
propyl-eugenol,  &c. 


CONIFERYL  ALCOHOL  CHOLESTERIN. 
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Coniferyl  alcohol.  C.^R^^Os  =  CcH3(OH)(OCH3).C3H,OH,  is 
tonued  by  the  decomposition  of  coniferin  (see  Glucosides)  imder 
the  influence  of  emiUsiu.  It  crystallises  in  colom-less  prisms,  melt- 
ing at  74°-75° ;  is  insoluhle  in  cold  water,  slightly  soluble  in  hot 
water,  easily  in  ether  and  in  alkalis.  Dilute  acids  convert  it  into  a 
resinous  polymeride.  By  oxidation  with  chromic  acid  mixtiue  it 
yields  vanillin  (p.  512). 

Cholesterin,  C2GH44O,  a  product  of  the  animal  organism,  is 
homologous  with  cinnyl  alcohol,  and  has  the  characters  of  a  mona- 
tomic  alcohol.  It  is  found  in  small  quantity  in  various  parts  of 
the  animal  system',  as  in  the  bile,  the  brain  and  nerves,  and  the 
blood :  it  forms  the  chief  ingredient  of  biliary  calculi,  from  which 
it  is  easily  extracted  by  boiling  the  powdered  gall-stones  in  strong 
alcohol,  and  filtering  the  solution  while  hot ;  on  cooling,  the 
cholesterin  crystallises  in  brilliant  coloiuless  plates.  It  is  a  fatty 
substance,  insoluble  id  water,  tasteless,  and  inodorous  ;  it  is  freely 
soluble  in  boiling  alcohol  and  in  ether,  also  in  chloroform,  and 
crystallises  from  the  alcoholic  solution  in  beautiful  white  laminse 
havmg  amother-of-pearl  lustre.  It  melts  at  137°,and  sublimes  at200°. 
On  adding  a  solution  of  cholesterin  in  chloroform  to  strong  sul- 
phuric acid,  the  chloroform  becomes  purple- red,  while  the  sulphuric 
acid  below  it  exhibits  a  greenish-yellow  fluorescence:  the  red 
chloroform  solution  evaporated  in  a  porcelain  capsule  turns  blue, 
green,  and  finally  yellow. 

Heated  with  strong  sulphuric  acid,  it  gives  up  water,  and  yields 
a  resinous  hydrocarbon,  CgfjH^a.  With  nitric  acid  it  yields  choles- 
teric  acid,  CgHj^Os,  together  with  other  products.  With  chlorine 
and  bromine  it  forms  sub.9titution-products.  Heated  to  200°  with 
acetic,  butyric,  benzoic,  and  stearic  acids,  it  forms  compound  ethers. 
The  acetate  and  stearate  crystallise  in  needles,  the  former  melting  at 
92°,  the  latter  at  200°.  The  benzoate  forms  thick  prisms,  melting  at 
125°-130°.  With  PClfl,  or  strong  hydrochloric  acid,  it  yields  the 
chloride,  C20H43CI,  which  crystalUises  in  needles,  and  is  converted  by 
ammonia  into  cholesteramine,  C2CH43.NH2. 

Isocholesterin,  CagHj^O,  occurs,  together  with  cholesterin,  in 
the  grease  of  sheep's  wool,  and  may  be  separated  by  saponifying 
the  fat,  heating  the  mixture  of  cholesterin  and  isocholesterin  thus 
obtained  with  benzoic  acid,  whereby  they  are  converted  into  benzoic 
ethers,  and  crystallising  these  compounds  from  common  ether, 
the  cholesteryl  benzoate  separating  in  thick  tabular  crystals,  the 
isocholesteryl  benzoate  in  slender  needles,  and  from  the  latter  the 
wocholesterin  may  be  obtained  by  heating  with  alcoholic  potash. 
It  crystallises  from  ether  or  acetone  in  slender  needles,  melting  at 
137°-138°.  It  does  not  give  any  colour  reaction  with  chlorolbrm 
and  sulphuric  acid,  but  in  other  respects  it  reacts  Hke  cholesterin. 
Its  benzoic  ether  melts  at  190°-191° 
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AROMATIC  ALDEHYDES. 

1.  ALDEHYDES  ANALOGOUS  TO  MON ATOMIC  ACIDS. 

Foiir  aldehydes  are  tnown,  belonging  to  the  series  CnH2n-sO , 
analogous  to  benzoic  acid  and  its  bomologues,  viz. : 
Benzoic  Aldehyde,  C^HgO 
Toluic  Aldehyde,  CgHgO 
Cumic  Aldehyde,  C10H-12O 
Sycoceryliu  Aldehyde,         CigHggO , 

These  aldehydes  exhibit  the  same  general  reactions  as  those  of 
the  fatty  series,  and  are  obtained  by  similar  processes. 

Benzoic  Aldehyde,  Benzaldehyde,  or  Bitter-almond 
oil,  CVHeO  =  C(.H5.CHO  =  CVH50.H,  is  produced— 1,  By  the  oxida- 
tion of  benzyl  alcohol.  2.  By  the  action  of  nascent  hydrogen  on 
chloride  or  cyanide  of  benzyl : 

CeHs.COCl  +  H2  =  HCl  +  CeHg.CHO. 

3.  By  heating  benzal  chloride,  CeH5.CHCl2,  with  water  to  130°-140°. 

4.  By  heating  benzyl  chloride,  CgHg.CHjCl,  with  an  aqueous  solution 
of  lead  nitrate.  5.  By  the  oxidation  of  amygdalin  mth  nitric  acid. 
6.  By  digesting  bitter  almonds  with  water  for  iive  or  six  hours  at 
30°-40°.  The  synaptase  present  then  acts  as  a  ferment  on  the 
amygdalin,  converting  it  into  glucose,  benzoic  aldehyde,  and 
hydrocyanic  acid  (see  Glucosides). 

7.  Benzoic  aldehyde  is  formed,  together  with  many  other  pro- 
ducts, by  the  action  of  a  mixture  of  manganese  dioxide  and  sul- 
phuric acid  on  albumin,  fibrin,  casein,  and  gelatin. 

Pure  benzoic  aldehyde  is  a  thru,  colourless  liquid,  of  great  re- 
fractive power,  and  peculiar,  very  agreeable  odour  :  its  density  is 
1-050  at  15°,  and  its  boiling  potut  180°  :  it  is  soluble  m  about 
30  parts  of  water,  and  miscible  in  all  proportions  with  alcohol  and 
ether.  Exposed  to  the  air,  it  rapidly  absorbs  oxygen,  and  is  con- 
verted into  crystallised  benzoic  acid.  Heated  with  solid  potassium 
hydroxide,  it  gives  off  hycbogen,  and  yields  potassium  benzoate. 
With  the  alkaline  bisulphites  it  forms  beautiful  crystalline  com- 
pounds. The  vapour  of  the  oil  is  inflammable,  and  burns  with 
a  bright  flame  and  much  smoke. 

Benzoic  aldehyde,  treated  with  sodium  amalgam,  is  converted 
into  benzyl  alcohol,  C^HgO.  With  phosphorus  pentachloride  it  yields 
benzal  chloride,  Cj-HgClg ; 

CoHg.CHO  -1-  PCI,  =  PCI3O  +  CoH,.CHCl2. 

Ammonia  converts  it  into  hydrobenzamide,  a  M'hite  crystalline 
neutral  body,  which,  when  boiled  Math  aqueous  potash,  is  converted 
into  an  isomeric  basic  compound  called  amarine  : 

SCyHoO  +  2NH3  .=  (C7Hfi)3N2  +  3H2O . 
All  the  aromatic  aldehydes  act  Mith  ammonia  in  a  simihar  manner, 
and  are  thereby  distingiushed  from  the  fatty  aldehydes. 


ALDEHYDES. 
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Amanne  and  hydrobenzamide  yield  by  dry  distillation  an 
isomeric  base,  CojHjgNj,  called  lopbine,  wliich  crystallises  in  loner 
sparingly  soluble  needles,  melting  at  290°,  and  unites  with  acids' 
terming  crystalline  salts.  ' 

Toluic  Aldehyde,  C3H3O  =  CeH,<gg3^  (1:4),  is  pro- 
duced by  distilling  a  mixture  of  the  calcium-salts  of  ^ja?-a-toluic  and 
lornuc  acids.  The  oily  distillate  agitated  with  acid  sodium  sulphite, 
forms  a  crystalline  compound,  which,  when  distilled  mth  sodium 
carbonate,  yields  the  aldehyde,  as  an  oil  having  a  peppery  odour, 
and  boiling  at  204°.  On  exposure  to  the  air,  it  is  gradually  con- 
verted into  para-toluic  acid,  C^RgO^.  With  alcoholic  potash  it 
forms  potassium  para-toluate  and  para-xylyl  alcohol : 

2C8H80  +  KOH  =  CgH.KOa  +  Cs^mO  ■ 
Cumic  Aldehyde,  CioH^.p  =  C,-R,<'^^^  (1:4),  exists, 

together  with  cymene,  CioH,^,  in  the  essential  oil  of  cumin,  and  in 
that  of  water-hemlock  {Gicuta  virosa),  and  may  be  obtained  by 
agitating  either  of  these  oils  with  acid  sodium  sulphite,  which  takes 
up  the  cumic  aldehyde,  but  not  the  cymene,  and  foi-ms  a  crystalline 
compound,  from  which  the  aldehyde  may  be  separated  by'  distilla- 
tion with  potash.  Cumic  aldehyde  is  a  colourless  or  slightly  yellow 
liquid,  having  a  powerful  odour,  and  boiling  at  237°.  It  is  easily 
oxidised  in  the  air,  so  that  it  must  be  distilled  in  a  current  of 
carbonic  acid  gas.  It  is  converted  into  cumic  acid,  C^Ji-^^O^,  by 
oxidation,  and  by  alcoholic  potash  into  potassium  cumate  and  cvmvl 
alcohol,  C'loHi^O. 

Sycocerylic  Aldehyde,  CigHagO,  is  produced  in  thin  prisms  by 
oxidismg  sycoceryl  alcohol  with  aqueous  chromic  acid. 


Cinnamic  Aldehyde,  CgHgO.— This  compound,  which  is  the 
only  known  member  of  the  series  of  aldehydes  CnH2n-ioO,  con- 
stitutes the  essential  part  of  the  volatile  oils  of  cinnamon  and 
cas.sia,  which  are  obtained  from  the  bark  of  cUfferent  trees  of  the 
genus  Cmnamomum,  order  Lauracem~viz.,  oil  of  cinnamon  from 
1  7l"^  cinnamon,  and  oil  of  cassia  from  Chinese  cinnamon.  The 
aldehyde  may  be  separated  from  these  oils  by  means  of  acid 
potas.sium  sulphite.  It  is  produced  artificially  by  oxidation  of 
styryl  alcohol ;  by  dry  distillation  of  a  mixture  of  cinnamate  and 
lonnate  of  calcium,  and  by  saturating  a  mixture  of  benzaldehyde 
and  acetaldehyde  with  hydrochloric  acid : 

C0H6.CHO  +  CH3.CHO  =  +  C„H5.CH=CH.C0H. 

This  last  reaction  is  analogous  to  the  formation  of  crotonic  aldehyde 
by  condensation  of  acetaldehyde  (p.  2.5.5). 

_  Cinnamic  aldehyde,  is  a  colourless  oil,  rather  heavier  than  water. 
It  may  be  distilled  without  alteration  in  a  vacuum,  or  with  de-aiirated 
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water,  but  absorbs  oxygen  quickly  on  exposure  to  the  air,  and  passes 
into  cinnamic  acid.  Wlien  fused  with  potash,  it  forms  potassium 
cinnamate,  and  gives  off  hydrogen :  CgHgO  +  KOH  -  CoH^KO,  +  H, . 
Ammonia  gas  converts  it  into  hydi-ocinnamide :  3CbH80  +  2NH3  = 


2.  ALDEHYDES  ANALOGOUS  TO  DIATOMIC  AND  MONOBASIC  ACIDS. 

OH 

Salicylic  Aldehyde  or  Salicylal,  C7He02  =  CeH^<(-,^Q,  (1:2) 

Oxyhenzcddehyde,  formerly  called  Salicylous  Acid. — This  compound 
occui's  in  lierbaceous  Spirteas,  especially  in  the  flowers  of  meadow- 
sweet {Spinm  ulmaria).  It  is  formed  artificially  by  oxidising 
saligenin,  CoH^(OH).CH20H  (p.  505),  or  its  glucosides,  salicin  and 
populin  (see  Glucosides),  and  together  with  the  isomeric  para-com- 
pound, by  the  action  of  chloroform  on  an  alkaline  solution  of 
phenol: 

CeH5(0H)  +  CHCI3  +  H2O  =  3HC1  -t-  C„H,(0H).CH0. 

This  last  reaction  affords  the  easiest  method  of  preparing  salicylal. 
Chloroform  (3  parts)  is  gradually  added,  with  agitation,  to  a  solution 
of  phenol  (2  parts)  and  sodium  hydroxide  (4  parts)  in  6-7  parts  of 
water  at  50°-60°,  in  a  vessel  with  reversed  condenser  ;  and  a  quantity 
of  water  is  added,  sufficient  to  form  (after  heating  to  60°  for  half  an 
hour)  a  clear  red-brown  liquid,  which  is  to  be  kept  boiling  for  two 
hours,  then  acidulated  and  distilled.  Salicylal  and  phenol  then 
pass  over,  while  para-oxybenzaldehyde  remains  behind.  The  dis- 
tillate is  shaken  with  ether,  and  the  salicylic  aldehyde  is  sepai-ated 
from  the  ethereal  solution  by  agitation  with  acid  sodium  sulphite. 

Salicylal  is  a  thin,  colourless,  fragrant  oil,  acquiring  a  red  tint  by 
exposure  to  the  air.  It  has  a  specific  gravity  of  1-1725  at  15°,  soli- 
difies at  -  20°,  boils  at  196°,  and  burns  ■svith  a  bright  smoky  flame. 
Water  dissolves  a  perceptible  quantity  of  salicylal,  acquiring  its 
fragrant  odour,  and  the  property  (likewise  exhibited  by  salicylic 
acid)  of  producing  a  deep  violet  colour  with  ferric  salts.  Alcohol 
and  ether  dissolve  it  in  all  proportions. 

Salicylal  is  oxidised  to  saUcyUc  acid  by  boiling  with  cupric  oxide 
in  alkaline  solution,  partly  also  by  potassium  dichromate  and  sul- 
phuric acid  ;  it  likewise  reduces  silver  oxide.  When  heated  M'ith 
potassium  hydroxide,  it  is  converted  into  potassium  salicylate,  with 
evolution  of  hydrogen: 

CjJIeO^  +  KOH  =  C7H5KO3  +  H2. 

By  nascent  hydrogen  it  is  converted  into  saligenin,  C7H5O2  ;  by 
ammonia  into  hydrosalicylamide : 

3C7H0O2  -f-  2NH3  =  3H2O  +  C01H18O3N2. 

Salicylal  is  attacked  by  chlorine  and  bromine,  forming  C-HsC10« 
and  CjHjBrOa,  both  of  which  are  crystalline  bodies,  having  acid 
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properties.  With  moderately  strong  nitric  acid  it  forms  nitro- 
salicylal  C,H5(NO2)0o,  whicli  is  also  crystaUisable,  and  forms 
crystallisable  salts.  With  PCI5  at  ordinary  temperatures  salicylal 
forms  orthoxy  benzal  chloride,  CoH,(OH).CHCl2,  crystaUisin^  in 
prisms,  and  meltmg  at  82° ;  and  when  heated  with  PCL  it  yields 
997l'°'Si°'^i^'^''"^.°^\°^"^«'  WCLCHCl^,  a  Hquid  boUing  at 
I    aS\   '       isomeric  with  parachlorobenzal  chloride  from  toluene 

Salicylal  dissolves  in  alkalis,  farming  crystalline  compounds 
lormeriy  caUed  salicylites.  The 2Mtassium  compound,  GMJOK)  CHo' 
forms  square  plates,  easily  soluble  in  water  and  in  alcohol  and 
decomposmg  qiuckly  when  exposed  in  the  moist  state  to  the  air 

Methyl-salicylal,  C«H,(0CH3).CH0,  obtained  by  the  action  of 
methyl  iodide  on  potassium  salicylal,  is  a  liquid  boiling  at  238°j 
ii-tnyl-salicylal,  prepared  in  like  manner,  boils  at  248° 

Acetyl-salicylal,  C,R,0,  =  CgH.COC.HgO^CHO,  metameric 
with  coumaric  acid  (q.v.),  is  formed  by  the  action  of  acetic  anhydride 
?n  T^^^^  at  ordinary  temperatures :  C6H4(ONa).CHO  + 

(C,H  0  0  =  C2H30.0Na  +  CeH,(OC2H30).CHO.  ^The  acetic  oxicle 
IS  adc  ed  to  an  equivalent  quantity  of  powdered  anhydrous  sodium- 
salicylal  suspended  m  pure  dry  ether,  and  after  the  whole  has  stood 
lor  twenty-tour  hours,  the  ethereal  liquid  is  iiltered  off  from  the 
sodium  acetate,  then  evaporated,  and  the  crystalline  cake  which 
separates  on  cooling,  is  purified  by  pressure  between  bibulous 
paper,  and  crystallisation  from  alcohol.  AcetosaUcylal  thus  pre- 
pared melts  at  37°,  boils  at  about  253°,  and  distils  without  decom- 
position. It  forms  definite  compounds  with  alkaline  bisulphites 
It  IS  decomposed  by  alcoholic  potash,  with  formation  of  potassiun^ 
acetate  and  potassium-saUcylal: 

C„H,(C2H30)O.CHO  +  2K0H  =  CeH,KO.CHO  +  C2H3KO,+H,0. 
AcetosaUcylal  Ukewise  unites  directly  with  acetic  oxide 

It  the  product  of  the  action  of  acetic  oxide  on  salicylal,  instead  of 
being  treated  m  the  manner  above  described,  be  poured  into  water 
alter  a  few  mmutes'  boiling,  an  oUy  liquid  sinks  to  the  bottom,  and 
sodium  acetate  remams  in  solution  ;  and  on  distilling  this  oil  and 
coUectmg  apart  that  which  passes  over  after  the  temperature  has 
risen  to  290  ,  a  crystalhne  substance  is  obtained,  having  the  compo- 
sition ot  acetosahcylal  minus  one  molecule  of  water:  this  sulsstance  is 
laentical  in  every  respect  with  coiimarin  or  coumaric  anhydride  * 
the  odoriferous  principle  of  the  Tonka  bean  (see  Coumaric  Acid). 
^J^^''^°''yy^^^.^^f^^7^e,  C„H„(OH).CHO  (1:4),  is  produced,  to- 
gether with  salicylic  aldehyde,  by  the  action  of  chloroform  on 
phenol  dissolved  in  caustic  soda  (p.  510),  and  may  be  extracted  by- 
ether  Irom  the  filtered  residue  of  the  clistillation,  and  purified  by 
recrystalhaation  from  water.  It  forms  steUate  groups  of  slender 
needles;  melts  at  115°-116°;  sublimes  without  decomposition, 
*  Perk  in,  Chem.  Soo.  Jour.  1868,  p.  181. 
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dissolres  sparingly  in  cold,  more  readily  in  hot  water,  easily  in 
alcohol  and  ether.  Ferric  chloride  colours  its  solution  dingy  violet. 
It  forms  easUy  soluble  compounds  with  alkaUne  bisulpliites. 

Anisaldebyde  or  Methyl-paraoxybenzaldeliyde, 
CcH4(OCH)3.CHO,  isomeric  with  methyl-salicylal,  is  formed,  to- 
"ether  with  anisic  acid,  by  oxidation  of  anisic  alcohol,  CgHjoOojIin  con- 
tact  with  platinum  black ;  also  by  the  oxidising  action  ot  dilute 
nitric  acid  on  the  volatile  oils  of  anise,  fennel,  and  tarragon,  which 
contain  anethol,  CioHjoO.  The  product  of  the  oxidation  is  shaken 
up  with  acid  sodium  sulphite,  and  the  resulting  crystalline  com- 
pound is  decomposed  by  solution  of  sodium  carbonate. 

Anisaldehyde  is  a  colourless  oil,  having  an  aromatic  odour  and 
burning  taste,  a  density  of  1-123  at  15°,  and  boiling  at  248°.  It  is 
nearly  insoluble  in  water,  but  soluble  iii  all  proportions  in  alcohol 
and  ether.  It  is  converted  by  oxidation  into  anisic  acid,  0^11303 ; 
by  nascent  hydrogen  into  anisic  alcohol,  CgHipOj ;  and  forms  crystal- 
line compounds  with  alkaline  bisulphites.  Ammonia  converts  it 
into  anishydramide,  C24H24O3N2.  By  alcoholic  potash  it  is  decom- 
posed in  the  same  manner  as  benzoic  aldehyde,  yielding  potassium 
anisate  and  anisic  alcohol : 

2C8H8O2  +  KOH  =  CgH.KOa  +  C^^A- 


3.  ALDEHYDES  ANALOGOUS  TO  MONOBASIC  AND  TRIATOMIC 

ACIDS. 

Dioxybenzaldehyde  or  Protocatecliuic  Aldehyde,  O-^fi^ 
=  C6H3(OH)2.CHO(CHO  :  OH  :  OH  :  =  1 :  3 :  4),  produced  by  the 
action  of  chloroform  on  an  alkaline  solution  of  pyrocatechin  : 

CeH4(OH)2  +  CHCI3  +  H2O  =  CeH3(OH)2.CHO  +  3HC1; 
also  by  boiling  dichloropiperonal  vnth  water,  and  by  heating 
vanillin  or  piperonal  with  dilute  hydi-ochloric  acid  to  200°.  Flat 
shining  crystals,  melting  at  150°,  easily  soluble  in  water.  The 
aqueous  solution  is  coloured  deep  green  by  ferric  chloride  ;  by 
fusion  with  potash,  the  aldehyde  is  converted  into  protocatechuic 
acid. 

Vanillin,  CgHgOj,  =  CoH3(OCH3)2.CHO,  Methyl -protocatechuic 
Aldehijde,  is  the  odoriferous  principle  of  vanilla  (the  fi-uit  of  VanilUi 
aromatica),  in  which  it  exists  to  the  amount  of  about  2  per  cent 
It  is  produced  artificially  from  coniferin,  CigHjoOg,  a  glucoside 
occurring  in  the  cambial  secretion  of  aU  coniferous  plants,  oj 
oxidation  with  chi'omic  acid  mixture  ;  or  the  coniferin  may  be 
resolved  by  boiling  with  dilute  acids,  or  by  the  action  of  emulsin, 
into  glucose  and  coniferyl  alcohol  (p.  507) : 

CirH220g  +  H2O  =  CcHi20o  +  C10H12O3, 

and  the  coniferyl  alcohol  oxidised  by  chromic  acid 
Vanillin  is  also  produced  (similarly  to  protocatechuic  aldehyde)  oj 
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the  action  of  chloroform  on  an  alkaline  solution  of  giiaiacol  fmethvl- 
pyrocatechin,  (p.  490).  ^ 

Vanillin  crystallises  in  stellate  groups  of  colourless  needles  melts 
at  80°-81°,  and  sublimes  when  cautiously  heated ;  dissolves  sparincrly 
m  cold,  more  freely  in  hot  water,  easily  in  alcohol  and  ether.  °It 
forms  crystalline  compoimds  with  bases.  "When  boiled  with  dilute 
hydrochloric  acid,  it  is  resolved  into  methyl  chloride  and  proto- 
catechuic  aldehyde  ;  and  when  fused  with  potash,  it  is  converted,  by 
oxidation  of  the  aldehyde-group  CHO,  and  separation  of  the  methyl- 
group,  into  protocatechuic  acid.  Bromine  converts  it  into  bromo- 
yanillin,  CgHyBrOs,  which  crystallises  in  yellowish  laminaj  melt- 
ing at  161°. 

Dimethyl-protocatechuic  Aldehyde,  or  Methyl-vanillin, 
C(;H3(OCH3)2.CHO,  and  Ethyl-methyl-protocatechuic  Alde- 
hyde or  Ethyl-vanillin,  C6H3(OCH,)(00,H5).CHO,  are  formed 
by  the  action  of  methyl  iodide  or  ethyl  iodide  on  potassium- 
vamUin.  Both  crystallise  in  colourless  prisms,  slightly  soluble  in 
cold  water,  somewhat  more  easily  in  alcohol  and  ether.  The 
former  melts  at  15°-20°,  and  boils  at  285°;  the  latter  melts  at 
64  -65  ,  and  easily  sublimes. 

Piperonal,  CgHeOg  =  CH2<§>G6H3— CHO,  Mdhene-proto- 
catechidc  Aldehyde,  is  obtained  by  distilling  a  dilute  solution  of 
potassium  piperate  with  potassium  permanganate,  and  agitating  the 
distillate  with  ether.  It  forms  long,  coloiu-less,  shining  crystals, 
having  a  very  pleasant  odour  ;  melts  at  37°,  boils  at  263°  ;  dissolves 
sparingly  in  cold,  more  freely  in  hot  water,  easily  in  alcohol  and 
ether;  unites  with  acid  sulphites  of  alkali-metal.  Heated  with 
3  mol.  PClg,  it  yields  liquid  dichloropiperonal  chloride,  C8H4CI4O3 , 
which  is  resolved  by  cold  water  into  hycbochloric  acid  and  dichloro- 
piperonal, C8H,Cl203  =  CCl2<Q>CsH3— CHO,  and  by  boiling 
with  water  into  COg  and  protocatechuic  aldehyde. 


4.  ALDEHYDES  ANALOGOUS  TO  BIBASIO  ACIDS. 

Phthalic  Aldehyde,  CgH^Oj  =  CcH4(CHO)2  (1 :  2),  is  formed 
by  treating  phthalyl  chloride,  C^Rfi^Ci^,  with  zinc  and  hydrochloric 
^^'^>  or  by  dissolving  magnesium  in  a  cooled  solution  of  phthalyl 
I  chloride,  and  may  be  extracted  by  neutralising  the  solution  with 
I  sodium  carbonate  and  agitating  with  ether.  It  crystallises  from 
i  not  water  in  small  colourless  rhombic  tables,  melts  at  65°,  and 
'  sublimes  when  cautiously  heated  ;  dissolves  sparingly  in  cold,  more 
I  readily  in  boiling  water,  easily  in  alcohol  and  ether. 

Terephthalic  Aldehyde  (1:4),  is  formed  by  prolonged  boiling 
r  01  tollylene  cldoride  (p.  441)  with  water  [W  parts)  and  lead  nitrate 
(1  part),  and  subsequent  distillation.     Crystallises  in  slender 
!  needles,  melting  a  114°-115°. 
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Botli  these  aldehydes  dissolve  sparingly  La  cold,  more  readily  m 
Loiling  water,  easily  in  alcohol ;  the  ortho-compound  is  moderately 
soluble,  the  para-compouud  easily  soluble  m  ether.  Both  form 
crystalline  compounds  with  acid  sodium  sulphite. 


KETONES. 

The  aromatic  ketones  may  contain  either  two  aromatic  alcohol- 
radicles  (phenyl  and  its  homologues),  or  one  aromatic  radicle,  and 
one  alcohol-radicle  (methyl,  &c.)  belonging  to  the  fatty  series.  The 
latter  only  will  be  noticed  in  this  place,  the  former  ra  connection 
with  the  diphenyl-compounds. 

Phenyl-methyl  Ketone  or  Acetophenone,  CgH-.CO.CHg,  is 
formed  by  distUling  a  mixture  of  benzoate  and  acetate  of  calcium, 
or  by  the  action  of  zinc-methyl  on  benzoyl  chloride : 

2(CoH5.CO.Cl)  +  Zn(CH3)2  =  ZnCl^  +  2(C6H5.CO.CH3) . 
It  crystallises  in  large  laminBe  melting  at  14°,  is  converted  by 
nascent  hydrogen  into  phenyl-ethyl  alcohol  (p.  503),  and  resolved  by 
oxidation  with  chromic  acid  into  benzoic  acid  and  carbon  dioxide. 

Phenyl-ethyl  Ketone  or  Propiophenone,  C0H5.CO.C2H5, 
from  benzoate  and  propionate  of  calcium,  and  by  the  action  of  ziac- 
ethyl  on  benzoyl  chloride,  is  a  liquid  which  boils  at  208^-210°,  is 
converted  by  nascent  hydrogen  into  secondary  j)henyl-propyl  alco- 
hol, and  resolved  by  chromic  acid  iuto  benzoic  and  acetic  acids. 

Phenyl-propyl  Ketone  and  Phenyl-isopropyl  Ketone, 
CoHg.CO.CgHj,  are  formed  by  distilling  a  mixture  of  calcium  ben- 
zoate and  butyrate  or  isobutyrate  respectively.  The  former  boils 
at  220°-222°,  and  is  oxidised  by  chi-omic  acid  to  benzoic  and  pro- 
pionic acids;  the  latter  boils  at  215°,  and  is  oxidised  by  chromic 
acid  to  benzoic,  acetic,  and  carbonic  acids. 

Benzyl-methyl  Ketone,  C0H5.CH2.CO.CH3,  formed  by  distil- 
lation of  alphatoluate  (phenyl-acetate)  and  acetate  of  calcium,  and 
by  the  action  of  zinc-methyl  on  alphatoluic  chloride,  boils  at  214°-  , 
216°,  unites  with  acid  sodium  sulphite,  and  is  oxidised  by  chromic 
acid  to  benzoic  and  acetic  acids. 

Benzyl-ethyl  Ketone,  CeH5.CH2.CO.C2H5,  from  alphatoluic 
chloride  with  zinc-ethyl,  boils  at  226°,  and  is  oxidised  by  chromic 
acid  to  benzoic  and  propionic  acids. 
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AROMATIC  ACIDS. 

1.  MoNATOMic  Acids,  CnHan-sOg. 
These  acids,  which  bear  the  same  relation  to  the  hydrocarbons 

th™"ffl"'  n  w  ^"'^'''^  CnH2n02,  bear  to 

toe  paramns  CnH2n+2,  areprodnced  by  reactions  analogous  to  some 
ol  those  Avhich  yield  the  fatty  acids,  viz. : 

thl:?^  oxidation  of  the  corresponding  aldehydes  and  alcohols: 
S^l^Tri  '"'n °'  C^H  COOH,  is  formed  by  oxidation  of 
benzaldehyde,  C,II,.COR,  and  of  benzyl  alcohol,  C,H«.CH,OH 
2.  By  the  action  of  water  on  the  corresponding  acid  chlorides' 
-'J  tlie  action  of  acids  or  alkalis  at  the  boiling  heat  on  the 
aromatic  nitrils  (cyanides  of  phenyl  and  its  homologuSs,  p.  441): 
QH5CN    +    2R,0    =    NH3    +  C^H-.CO^H 

PheDyl  cyanide.  Benz'iic  acUl. 

Benzoic  acid  and  its  homologues  are  Ukewise  obtained  by  the 
lollowing  processes: 

4.  By  the  action  of  sodium  and  carbon  dioxide  on  the  monobro- 
mmated  derivatives  of  benzene  and  its  homologues;  e.g., 

CgHjBr  +  Na2    +    CO^    =    NaBr    +  an'cCNa 

Bromobenzene.  o  ^ 

Sodium  benzoate. 

^bS?;&  +  +  =  +   C«H  (CH3).C03Na 

bodium  toluate. 

5.  By  oxidation  of  the  hydrocarbons  homologous  with  benzene 
by  means  ol  chromic  acid  mixture  or  dilute  nitric  acid  By  chro- 
mic acid  the  lateral  chains,  CH3,  CH^.CH,,  &c.,  are  at  once 
o-xidised  toCO  H;  and  the  hydrocarbons  which  contain  only  o^e 
a  eral  chain,  C„H,.CH   C,H,,C,H„  &c.,"are  all  oxicUsed  to  benzoic 

acicl,  while  those  which  contain  two  lateral  chains  are  converted 
SSIp*;  P  W  -^^^bo^yl-groups  (di-carbon  acids),  the 

^lenes,  C,H,(CH3)2,  for  example,  into  phthalic  acids,  CoH,(CO,H),. 
With  dilute  nitric  acid,  on  the  other  hand,  monocarbon  acids  are 
produced  at  least  in  the  fir.st  instance,  the  xylenes,  for  example, 
yieklmg  toluic  acids,  CeH,(CH3).C0,H.  ^  ' 

For  oxidation  with  chromic  acid,  40  grams  of  potassium  di- 
^romate  are  nuxed  wth  37  grams  of  strong  sulphuric  acid  diluted 
witn  2  to  3  vol.  water ;  to  this  mixture  10-20  parts  of  the  hydro- 
carbon are  added,  and  the  whole  is  boiled  for  some  time  iii  a  flask 
provided  with  a  long  upright  condensing  tube,  till  aU  the  chromic 

1  acicl  1.S  reduced  and  the  solution  has  aquired  a  pure  green  colour 
ine  product  is  then  diluted  with  water,  boiled  with  solution  of 

'  soamm  carbonate,  and  the  organic  acid  is  preciijitated  from  the 
nitrate  by  hydrochloric  acid. 

With  the  proportions  above  mentioned  the  reaction  takes  nkco 
according  to  the  equation :  ^ 

Cr.O.K^  +  4B0,E,  =  {SO,),Cr,  +  SO.K^  +  4PL0  +  0,, 
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the  three  atoms  of  oxygen  thus  liberated  serving  for  the  oxidation 
of  the  hydrocarbon.  .  ,  -i  i  p 

For  oxidation  with  nitric  acid,  the  hydrocarbon  is  boiled  ior  two 
or  three  days  with  ordinary  nitric  acid  diluted  with  3  parts  ot  water 
in  a  flask  with  a  vertical  condensing  tube.  To  remove  the  nitro- 
acids  formed  at  the  same  time,  the  crude  product  is  heated  with  tm 
and  strong  hydrochloric  acid,  whereby  the  nitro-acids  are  converted 
into  aniido-acids,  which  dissolve  in  the  hydrochloric  acid, 

6.  By  fusing  the  sulpho-acids  of  the  aromatic  hydrocarbons,  or 
the  sulpho-aromatic  acids,  with  potassium  formate : 

+    HCO^H    =    SO3H3    +  CcH,<co;ii- 

Tolnic  acid. 


Toluene-siUphonio 
acid. 


HCOoH  = 


SO3H3 


+ 


PhtliaJic  acid. 

occur,  either  free  or  combined,  in  many 


Sulpliobenzoic  acid. 

The  aromatic  acids   ,    - 

resins  and  balsams  and  in  the  animal  organism. 

Benzoic  Acid,  C^HgO,  =  CcHg.COsH.— This  acid,  the  ana- 
logue of  benzyl  alcohol,  is  produced  by  the  first  four  of  the  general 
methods  above  mentioned,  and  by  boiling  hippiuic  acid  (benzoyl- 
glycocine)  or  the  urine  of  cows  or  horses,  which  contains  that  acid, 
with  strong  hydrochloric  acid : 

CH2(NH.C7H50).C02H  +  H^O  =  CH2(NH2).C02H  +  C^HjO-OH. 

Benzoyl-glycocine.  Glycoclne.  Benzoic  acid. 

This  process  is  ap^jlied  to  the  preparation  of  benzoic  acid  on  the 
large  scale.    Benzoic  acid  is  also  produced  by  the  oxidation  of  a 

freat  variety  of  organic  bodies,  as  toluene,  cumene,  cinnamic  alde- 
lyde,  cinnamic  acid,  cinnamene,  casein,  gelatin,  &c. 

Benzoic  acid  exists  ready-formed  in  several 
balsams  and  gum-resins,  especially  in  gum- 
benzoin,  which  exudes  from  the  bark  of  Styrax 


Benzoin,  a  tree  growing  in  Sumatra,  Java, 
Borneo,  and  Siam.  From  this  substance  the 
benzoic  acid  may  be  extracted  by  subUmation 
in  an  iron  pan  (fig.  17),  having  a  sheet  of 
bibulous  paper  pierced  with  pim-holes  stretched 
over  its  mouth,  and  covered  with  a  cap  of 
stout  paper.  A  more  productive  method  is  to 
boU  the  powdered  benzoin  with  slaked  liuie 
and  water,  and  decompose  the  filtered  and 
concentrated  solution  of  calcium  benzoate  with  hydrochloric,  acid. 
The  benzoic  acid  thus  precipitated  may  be  purified  by  sublima- 
tion. . 

Benzoic  acid  is  inodorous  when  cold,  but  acquires  a  famt  smeu 
wheu  gently  wai'med ;  it  melts  at  120°,  and  sublimes  at  a  teniper- 
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ature  a  Httle  above ;  boils  at  250°.    It  dissolves  in  about  200  TDarts  of 
cold  and  25  parts  of  bdling  water,  and  with  great  faciufyli  aChol 
fncZ.T7\''  -T,^^'''''^  ^it"c  acid,  e?en  at  bon- 

iff     ^>7;  '''^'^      ^™  ^  snbstitution-pro- 

SlSe    r^nr^l  i^miacWoncZe    converts  it  into  benzoyl 

cmoucle,  L7H5OCI.— Benzoic  acid  dissolves  in  ordinary  strong 
sulphuric  acid,  but  is  precipitated  unaltered  on  addition  of  water 
m  turning  sulphuric  acid,  however,  and  still  more  readilv  bv 
sulphuric  oxide,  it  is  converted  into  sulphobenzoic  acid,  CVH„SO 

hydrogen  (evolved  by  sodium  amalgam)  it  is 
partly  reduced  to  benzoic  aldehyde  and  benzylic  alcohol,  and  is 
acl  ^p'w^n  ^'-^.^^^tio^  of  liycbogen,  into  hydrobenzoic 
Lit  'oV/n 'AY!  f  *^^3'stalline  acid  which  forms  a  crystalline  calcium 
salt,  i^a^OyMgUa)^,  and,  when  recrystaUised  either  in  the  free  state 
or  m  the  form  ot  calcium  salt,  is  ultimately  converted  by  oxidation 
Siyl  vTrate      '  ^^H.CVHA,  has  tie  odour  of 

AH  the  benzoates  are  more  or  less  soluble:,  they  are  easilv 
nTZ  n'lt  r^'  du-ectly  or  by  double  decomposition.  The  benzoatis 
ojme  alkalis  and  of  ammonia  are  very  soluble,  and  somewhat  diffi- 
cult to  crystaUise.-C'aZcmm  henzoate  forms  groups  of  small  colour- 
less neecUes  which  require  20  parts  of  cold  water  for  solution  ;  tha 
larium  salt  dissolves  v.ith  difficulty  in  the  cold.  Neutral  ferric 
benzoate  is  a  solub  e  compound;  but  the  basic  salt  obtained  by 
neutralising  as  nearly  as  possible  with  ammonia  a  solution  of  ferric 
oxicte,  and  then  adding  ammoniimi  benzoate,  is  quite  insoluble 
iuX^L'°M'*T'i  ^^"f.'^V^^f^d  from  other  metals  in  quantitative 
analysis  Neutral  and  basic  lead  benzoate  are  freely  soluble  in  the 
cold  Silver  benzoate  crystallises  in  thin  transparent  plates,  which 
blacken  on  exposure  to  light.  1,^11 

r.rWt"'  benzoate  is  resolved  by  dry  distillation  into  calcium 
caroonate  and  benzone,  or  benzophenone,  C,„H,„0.  the  ketone  of 

iaTir'^^''''f'^^>?^ri  +  'On  the  othei 

r   "'f  acid  distilled  mth  excess  of  lime,  is  resolved  into 
carbon  dioxide  and  benzene  :  Gi^K^O^  =  CO^  +  C^Rg. 


^oJfl  f   fi,  ^J"  Benzoyl  Chloride,   C^H^OCl,  is  pre- 

paicd  by  the  action  of  phosphorus  pentachloride  on  benzoic  acid 
1  in«  lifl"icl  of  disagreeable  pungent  odour;  sp  gr 

1  106  ;  boihng  pomt,  199°.  The  vapour  is  inflammable,  and  burns 
with  a  greenish  flame.  Benzoyl  chloride  is  decomposed,  slowly  bv 
cold  and  quickly  by  boiKng  water,  into  benzoic  and  hydrochloric 
acKls  ;  with  an  alkaline  hycboxide,  a  benzoate  and  chloride  of  the 
alkah-metal  are  produced 

Benzoyl  cyanide,  C^H^.CO.CN,  obtained  by  distilling  the  chloride 
with  potassium  cyanide,  crystallises  in  large  plates,  melts  at  31° 
and  bods  a  206°-2O8°.    By  boiling  with  alkaUs,  it  is  resolved  into 
benzoic  and  hydrocyanic  acids. 
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Benzoic  Oxide,  or  Anhydride,  Ci4Hi(|03  or  (€71150)20,  is 
obtained  by  the  action  of  benzoyl  chloride  on  potassium  benzoate : 

CjRfiiOK)  +  C7H5OCI  =  KCl  +  iCrB.,0)^0. 
Benzoyl  chloride  acts  in  like  maiuier  on  acetate  or  valerate  of 
sodium,  forming  aceto-benzoic  or  valero-benzoic  oxide,  either  of 
which  splits  up  on  distillation  into  acetic  or  valeric  oxide  and 
benzoic  oxide ;  e.g., 

C7H5OCI  +  C5HaO(ONa)  =  NaCl  +  (C,H50)(C,H90)0 , 
and  •  2(CjH50)(C5H90)0  =  {GrB.fi),0  +  (0,11,0)^0. 

Benzo-oenanthylic,  benzostearic,  benzo-angelic,  benzo-cuminic 
oxide,  and  several  others,  have  been  obtained  by  similar  processes. 

Benzoic  oxide  crystallises  in  oblique  rhombic  prisms,  melting  at 
42°,  and  distilling  undecomposed  at  310°.  It  melts  in  boiling 
water,  remaining  fluid  for  a  long  time,  but  is  ultimately  converted 
into  benzoic  acid,  and  dissolves  :  caustic  alkalis  effect  the  conversion 
much  more  rapidly.  With  ammonia  it  forms  ammonium  benzoate 
and  benzamide  : 

(G^Rfi)20  +  2NH3  =  CyHjOCNH^)©  +  C7H5O.NH2. 

Benzoyl  Dioxide,  or  Peroxide,  C^^R.^(,0,  or  (05.1150)202.— 
Brodie  obtained  this  compound  by  bringing  benzoyl  chloride  in 
contact  with  barium  dioxide  under  water ;  the  product,  when  re- 
crystallised  from  ether,  yields  large  shining  crystals  of  benzoyl 
dioxide,  which  explode  when  heated.  Boilecl  with  potash-solution, 
it  gives  off  oxygen,  and  forms  potassium  benzoate. 

Thiobenzoic  Acid,  C6H5.CO.SH,  formed  by  the  action  of  benzoyl 
chloride  on  alcoholic  potassium  sulphide,  is  crystalline,  melts  at 
24°,  and  distils  with  aqueous  vapom".  Its  ethylic  ether  boils  at 
243°. 

Benzoyl  monosulphide,  (0^1150)28,  formed  by  the  action  of 
benzoyl  chloride  on  thiobenzoic  acid,  crystallises  from  ether  in 
large  prisms,  melting  at  48°,  and  distilling  ■v\'ithout  decomposition. 
The  di sulphide,  (671150)282,  produced  by  oxidation  of  thiobenzoic 
acid  when  its  ethereal  solution  is  exposed  to  the  air,  forms  shining 
crystals  melting  at  128°. 

Dithiobenzoic  acid,  CqHj.CS.SH,  is  formed  hy  boiling  the  com- 
pound CgHg.CClg  with  an  alcoholic  solution  of  potassium  sulphide  ; 

C6H5.CCI3  +  2K2S  =  3KC1  +  C6H5.CS.SK. 

The  free  acid  is  very  iinstable  :  its  lead  salt  crystallises  from  carbon 
sulphide  in  red  needles. 

Benzamide,  C-H-NO  =  C,-H,,.C0.NH2,  is  formed  (similai-ly  to 
acetamide,  p.  379)  by  the  action  of  aqueous  ammonia  on  benzoyl 
chloride  or  ethyl  benzoate ;  also  by  oxidising  hippiu'ic  acid  vnth 
lead  dioxide  : 

CoHaNOa  -t-  O3  =  C7H7NO  +  200^  +  HjO . 
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Benzamide  crystallises  in  nacreous  laminae,  nearly  insoluble  in 
cold  water,  easily  soluble  in  boiling  water,  also  in  alcohol  and 
ether;  it  melts  at  125°,  and  volatilises  undecomposed  between  286° 
and  290°.  Its  reactions  are  for  the  most  j^art  similar  to  those  of 
acetamide.  Heated  with  benzoic  oxide  or  chloride,  it  \-ields  beuzo- 
mtril  and  benzoic  acid  : 

C.H.NO    +    (C,H,0),0    =    CVH^N    +  2CVH„0,, 

Benzamide.  Benzoic  oxide.         BenzonitrU.  Benzoic  acid. 

C,H,NO   +   C,H,0C1   =   C,H,N   +   C,li,0,  +  HCl. 

Benzamide.       Benzoic  cliloiide.     Benzonitril.  Benzoic 

acid. 

Heated  with  fuming  hydrochloric  acid,  it  forms  hydi-ochloride  of 
benzamide,  C^H^NO.HCl,  which  separates  on  cooling  in  lono- 
aggregated  prisms.    Its  aqueous  solution  dissolves  mercuric  oxide° 

^''''1^  o™':^?''^'''"^^'^^'   C0H5.CO.NHg.    By  distillation 
witn  I'Ll,  or  t^^^,  it  IS  converted  into  benzonitril. 

Phenyl-henmrnicle,  CcH.,CO.NH(CeHJ,  is  formed  by  the  action  of 
anilme  on  benzoyl  chloride. 


SUBSTITUTED  BENZOIC  ACIDS. 

The  action  of  chlorine  aud  bromine  on  benzoic  acid  gives  rise  for 
the  most  part  only  to  mono-substituted  derivatives,  C.H.X.COoH 
belonging  to  the  meta-series  (CI  or  Br  and  COgH,  in  the  relative 
positions  1,  3) ;  with  nitric  acid  (diluted  with  3  parts  of  water) 
meta-deriyatires  are  also  produced,  together  with  small  quantities 
ot  the  ortho-  and  para-compounds.  These  and  all  the  other  mono- 
halogen-  and  mono-nitro-derivatives  of  benzoic  acid  may  also  be 
formed  by  oxidation  of  the  corresponding  derivatives  of  toluene  ;  e.g., 

CoH^Br.CHj  4-03  =  CeH.Br.COgH  +  H^O  ; 

the  meta-  and  para-compounds  by  chromic  acid,  the  ortho-com- 
pounrls  by  dilute  nitric  acid  ;  these  last  compounds  are  attacked  with 
climculty  by  chromic  acid,  and  then  completely  broken  up. 

ihe  halogen-derivatives  of  benzoic  acid  may  also  be  formed  from 
the  correspondmg  amidobenzoic  acids,  by  substitution  of  CI,  &c., 
lor  JNH2,  through  the  medium  of  the  diazo-compounds  ;  and  the 
monochlorme-  and  monobromine-derivatives  by  treating  the  corre- 
spondincr  o.xy-acid.s,  CcH„(0H).C02H  with  PCI5  or  PBig,  and  decom- 
posing the  resulting  chloride  or  bromide  with  water  ;  e.g., 

C6H4(OH).CO.OH  -F  PCIg  =  CflH^Cl.CO.Cl  +  PCI3O  -f  H^O, 
and      CoH.Cl.CO.Cl  +  HOH  =  CoH,,Cl.CO.OH  +  HCl. 

The  orl-,ho-derivatives  of  benzoic  acid  fuse  at  lower  temperatures 
than  the  corre.sponding  meta-  and  para-derivatii^es.  Tliey  are 
moderately  soluble  in  water,  and  form  easily  soluble  barium  salts 
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by  means  of  which  they  may  he  separated  from  the  meta-  and 
para-derivatives. 

Monochlorobenzoic  Acids,  CjHgClOj.— The  or</io-compound, 
Cq.CO^H.CLHj  {Chlorosalylic  acicT),  prepared  by  treating  salicylic 
acid  (o'-oxyhenzoic  acid)  with  PCI5,  and  decomposing  the  resultmg 
chloride  with  boiling  water,  crystallises  in  colourless  needles,  melts 
at  137°,  also  under  boiling  water,  and  is  more  soluble  in  water  than 
the  meta-  and  para-compounds. 

The  meJa-compomid,  Ce.COaH.H.CLHg,  is  formed  by  oxidation  of 
meta-chlorotoluene  ;  by  heating  benzoic  acid  with  hydrochloric 
acid  and  manganese  dioxide  or  potassium  chlorate,  or  with  solution 
of  l^leaching  powder,  or  with  antimonic  chloride  ;  also  by  decompo- 
sition of  chlorohippuric  acid;  and  from  (1:4)  chloronitrobenzene  by 
means  of  potassium  cyanide.  It  crystallises  in  colourless  needles, 
melting  without  decomposition  at  152°,  very  slightly  soluble  in 
boiling  water. 

The  |)aro-compound,  C0.CO2H.H.H.CI.H2  {Chlorodracylic  acid), 
formed  by  oxidation  of  (1:4)  chlorotoluene,  sublimes  in  colourless 
scales,  M-hich  melt  at  236°- 237°. 

DicMorobenzoic  Acids,  CgHgCVCOjH. — Two  modifications  (out 
of  six)  are  known,  viz.  («.)  1:3:4  (CO2H  in  1),  formed  from  benzoic 
acid,  and  from  (1:3)  or  (1:4)  chlorobenzoic  acid  by  boiling  with 
solution  of  bleaching  powder,  or  by  heating  with  antimonic 
chloride  :  also  by  oxidation  of  (1:3:4)  dichlorotoluene  with  chromic 
acid.  Colourless  needles,  melting  at  202°,  slightly  soluble  in  water. 
(13.)  (1 : 2: 3),  produced,  like  the  a-acid,  from  (1 : 2)  chlorobenzoic  acid, 
and  together  with  the  as-acid,  by  treating  benzoic  acid  with  HCl  and 
CIO3K,  or  with  solution  of  bleaching  powder.  The  two  acids  may 
be  separated  by  means  of  their  barium  salts,  the  /3-salt  being  tlie 
more  soluble  of  the  two.  The  /3-acid  forms  slender,  shining  needles, 
melts  at  150°,  boils  at  301°,  dissolves  in  about  1200  parts  of  water 
at  11°,  more  easily  in  boiling  water. 

Trichlorobenzoic  acid,  CgHgClg.COgH,  formed  by  oxidation  of 
trichlorotoluene,  crystallises  in  small  needles  melting  at  163°, 
nearly  insoluble  in  cold  water.  An  isomeric  acid,  formed  by  heat- 
ing dinitro-paramidobenzoic  acid  with  fuming  hydrochloric  acid, 
melts  at  203°,  and  sublimes  ■udthout  decomposition. 

Monobromobenzoic  acid,  CgH^Br.COjH  (1:2),  from  ortho-bromo- 
toluene  with  nitric  acid,  or  from  o-amidobenzoic  acid  by  heatuig  the 
diazoperbromide  with  HBr,  sublimes  in  needles,  and  melts  at  147°- 
148°.  Its  barium  salt  is  very  soluble  in  water.  (1:3),  or  ordinary 
bromohenzoic  acid,  from  metabromotoluene,  and  by  heating  benzoic 
acid  with  bromine  and  water  to  120°-130°,  sublimes  iu  needles,  and 
melts  at  155°.  (1:4)  from  pai-abromotoluene,  is  nearly  insoluble  in 
water,  crystallises  in  needles,  and  melts  at  251°. 

Di-,  tri-,  and  penta-broniobenzoic  acids  are  formed  by  heating 
benzoic  acid  with  bromine  to  200°  and  above.    C^H^BrgOj,  (1:3:4), 
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forms  small  needles  melting  at  229°-230°.  C,U^v,0,  and  C,HBr,0, 
melt  between  234°  and  235°.  -j  ^         r      a  2 

Mono-iodobenzoic  Acids,  C^HJ.CO^H,  are  obtained  by  oxida- 
tion ot  lodotoluenes  with  nitric  acid,  or  from  the  correspondino- 
amidobenzoic  acids  by  decomposing  the  diazo-compounds  with 
hydriochc  acid  : 

(1 :  2),  form  needles,  melting  at  157° ;  converted  by  fusion  with 
potash  into  salicylic  acid. 

(1:3)  sublimes  in  neecUes,  melting  at  187°;  converted  by  fusion 
with  potash  into  oxybenzoic  acid. 

(1:4)  sublimes  in  scales,  melts  at  about  267°,  converted  by  fusion 
with  potash  into  para-oxybenzoic  acid. 

Fluobenzoic  CeH.F.COgH,  produced  by  treating  diazo-amido- 
benzoic  acid  with  hydrofluoric  acid,  crystalHses  in  rhombic  prisms 
melting  at  182°.  ^ 

Mononitrobenzoic  Acids-  C,K^{■NO,).CO,^^I.—■When  benzoic 
acKl  is  treated  vnth  fuming  nitric  acid,  or  better,  with  a  mixture  of 
nitre  (2  parts)  and  strong  sulphuric  acid  (3  parts)  to  1  part  of  benzoic 
acid,  the  chiet  product  obtained  is  metanitrobenzoic  acid,  the  ortho- 
compound  bemg  formed  in  smaller,  and  the  para-  in  very  smaU 
quantity— the  mass  being  wai-med  tiU  it  melts,  and  the  liquid  mass 
poured  off  from  the  solid  potassium  sulphate.  The  three,  nitro-acids 
are  separated  by  the  different  solubilities  of  their  barium-salts— that 
ot  the  ortho-acid  bemg  very  soluble,  that  of  the  meta-acid  rather 
sparingly,  and  that  of  the  para-acid  very  slightly  soluble  Cin- 
namic  acid  yields  by  nitration  two  nitro-acids,  C9H7(NOo)0„,  ortho- 
and  para,  from  which  the  corresponding  nitrobenzoic  acids  may  be 
obtained  by  oxidation.   Hippuric  acid  yields  by  nitration  a  nitro- 
hippuric  acid,  convertible  into  metanitrobenzoic  acid. 
_  (1:2)  Nitrobenzoic  acid  crystallises  in  needles  or  prisms,  soluble 
m  164  parts  of  water  at  16-5°,  melting  at  145°.    (1 :3)  Nitrobenzoic 
acid  crystallises  m  needles  or  lamina,  dissolves  in  425  parts  of  water 
at  16-5°,  subbmes  in  white  needles,  melts  at  142°.  (1 : 4)  Nitrobenzoic 
acid,  lormed  also  by  oxidation  of  paranitrotoluene,  crystallises  in 
yellowish  lammte,  very  slightly  soluble  in  water,  melting  at  240°. 

Dinitrobenzoic  Acids,  CoH3(N02)2.C02H.-Orthonitrobenzoic 
acid,  treated  with  a  mixture  of  nitric  and  sulphuric  acids,  yields 
three  dmitroben  zoic  acids  (a,  fi,  and  y),  easily  separated  by  the 
unequal  soiubihty  of  theu'  barium-salts— that  of  cc  being  very  slightly 

1  v'l  *atof/3  moderately,  and  that  of  y  very  easily 

soluble.  The  /3-acid  is  also  produced  by  oxidation  of  (1:2:4)  dmitro- 
toluene  (melting  point  70-5°)  with  chromic  acid.  A  fourth  acid, 
0, 18  obtained  by  the  action  of  nitric  and  sulphuric  acid  on  meta- 
nitrobenzoic acid.— «  (1 :2:5).«  Colourless  prisms,  melting  at  177°, 
moderately  soluble  in  hot,  sparingly  in  cold  water.  j8.  (l:l2-'4) 
iiong  rhombic  plates  or  prisms  melting  at  179°.  y.  (1 :2  :6)  Slender, 

♦  COal-I  iu  1. 
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white  felted  needles,  melting  at  202°,  resolved  at  a  higher  tempera- 
ture into  (1 :3)  dinitrobenzene  and  CO^.  S.  (1  .-3  :5)  Crystallises  from 
water  in  large  square  plates  ;  from  alcohol  in  prisms. 

By  reduction  with  tin  and  HCl,  the  at-  and  o-compomids  yield  the 
corresponding  diamidohenzoic  acids,  whereas  /3  and  y  yield  no 
diamido-acids,  but  (1:3)  diamidobenzene  and  COg. 

Nitro-chloro-  and  Nitro-bromobenzoic  acids  are  obtained  by  nitra- 
tion of  chloro-  and  bromo-benzoic  acids.  (1 : 3),  bromobenzoic  acid, 
yields  two  nitrometabromobenzoic  acids, — one  melting  at  248°,  the 
other  at  141°.  In  both  of  them  the  NOg-group  is  in  the  ortho- 
position  (2  or  6)  with  respect  to  the  CO2H,  and  both  yield  by  re- 
duction (1:2)  amidobenzoic  acid, 

Amidobenzoic  Acids,  C(.H4(NH2).C02H. — The  three  modifica- 
tions are  formed  by  reduction  of  the  three  nitrobenzoic  acids,  best 
by  gentle  heating  with  tia  and  hydrochloric  acid  At  the  end  of 
the  reaction  the  product  is  diluted  with  water,  precipitated  with 
excess  of  sodium  carbonate,  and  the  concentrated  filtrate  is  acidu- 
lated with  acetic  acid.  The  ortho-compound  is  also  produced  by 
boiling  indigo  (1  part)  for  several  days  with  soda-ley  of  specific 
gravity  1-38  (10  parts),  gradually  adding  pulverised  manganese 
dioxide,  and  renewing  the  water  as  it  evaporates,  till  the  colour  of 
the  mass  has  become  light  yellow.  The  product  is  then  dissolved 
in  water,  the  solution  is  neutralised  with  sulphmic  acid,  filtered, 
and  evaporated  to  dryness  ;  the  residue  is  exhausted  with  alcohol ; 
and  the  salt  which  remains  after  evaporation  of  the  alcohol  is  dis- 
solved in  hot  water  and  decomposed  with  acetic  acid. 

The  three  amidobenzoic  acids  react'  like  glycocine  (amidacetic 
acid),  and  yield  well-characterised  salts,  both  mth  metallic  oxides 
and  with  acids.  When  heated  above  their  melting  points  they  are 
resolved  into  aniline  and  carbon  dioxide. 

Ortho-  (Anthranilic  acid). — Thin  colourless  prisms  or  lamina?, 
sparingly  soluble  in  cold  water,  easily  in  hot  water  and  in  alcohol ; 
melts  at  144°.  Meta-.  SmaU  colourless  needles,  united  in  nodular 
groups ;  easily  soluble  in  hot,  sparingly  in  cold  water,  melts  at 
173°-174°.  Para-  (aviiclodracylic  acid).  Long  slender  shining 
needles,  easily  soluble  in  water,  melting  at  186°-187°. 

Nitro-amidobenzoic  acids,  C5H3(N02)<[qq  |j  . 

1.  Nitro-orthamidohenzoic  acid  is  known  in  two  modifications, 
viz.: 

C6.CO2H.NH2.H.H.NO2.H  C6.CO2H.NH2.H.H.H.NO2 
a.  (1:2:5)  y3.  (1:2:6) 

which  are  produced  from  the  corresponding  nitrosalicylic  acids  by 
heating  theii-  diethyKc  ethers  with  alcoholic  ammonia,  and  decom- 
posing the  resulting  nitramidobenzamides,OgH3(N02)(NH2).CO.NH2, 
with  boiling  baryta- water.  Both  acids  crystallise  in  long  needles, 
tlie  a-acid  melting  at  270°,  the  /3-acid  at  205°. 
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2.  Mtro-metamidohenzoic  acid  is  known  in  three  modifications 
VIZ.:  ' 

C,.C02H.N02.H.H.NH2.H  Ce.ciH.H.NH^.NO^H^ 

12  3 
C6.CO2H.NO2.NH2.H3 

r- 

They  are  obtained  by  boiling  the  three  dinitro-iiramidobenzoic 
acicls  (p.  525)  with  water.  AU  three  crystallise  in  yellow  needles  • 
a.  and  /3  sparingly  soluble  in  hot  water,  7  easily  soluble. 

3.  Nitro-paramidobenzoic  acid  (1:3: 4),  obtamed  in  like  manner 
Irom  clmitro-para-uramidobenzoic  acid,  or  by  heating  nitranisic  acid 
with  aqueous  ammonia  to  140°-170^  for  thi-ee  or  fom-  hours,  forms 
small  deep  yeUow  needles,  slightly  soluble  in  boiling  water,  melting 

fit  iSO-i  , 

^  Dinitro-faramidohei^oic  acid,  0,11,{^0,\<^^^^  ,    or  Ghrysan- 

isicacid,  is  produced  by  heating  dinitro-anisic  or  dinitro-ethylpara- 
oxy  benzoic  acid  with  aqueous  ammonia,  the  group  OCH,  or  OC  H 
bemg  thus  replaced  by  NHg :  '       0     i         3         2  H 

CoH2(N02)2<g§^^3  +  =  CH,OH  +  C„H2(N02)2<^H^. 

It  crystallises  in  shining  gold'en-yeUow  needles,  melts  at  259'^ 
and  .sublimes;  is  nearly  insoluble  in  cold  water,  moderately  soluble 
in  boiling  water  and  in  alcohol.    It  is  a  strong  monobasic  acid. 

-Umitro-orthoamidohenzoic  acid,  obtained  in  like  manner  from 
dinitro-ethylsalicylic  acid,  crystallises  from  alcohol,  in  which  it  is 
sligJitiy  soluble,  m  golden-yellow  scales  melting  at  256°. 

^^^*yl-™gtamidobenzoic  acid,  C0H0NO3  = 
^e^i<CO.bR  ^   '      formed  by  digesting  (1:3)  amidobenzoic 

acid  Avith  glacial  acetic  acid  at  160°,  or  zinc  metamidobenzoate 
with  acetyl  chlonde  at  100° : 

(C„H4.NH,.C02),Zn  +  2C,H30C1  =  ZnCl,  +  2CoH4(NH.C,H30)C02H , 

It  forms  white  microscopic  crystals,  insoluble  in  cold  water  and 
in  ether,  shghtly  soluble  in  boiling  water,  easily  in  boiling 
alcohol,  melts  at  226°-230°,  sublimes  at  200°.  It  is  a  monobasic 
acid  forming  easily  soluble  salts  with  the  metals  of  the  alkalis  and 
alkaline  earths  ;  sparingly  soluble  salts  with  lead,  silver,  and  zinc. 
iSy_ boiling  with  dilute  sulphuric  acid,  it  is  resolved  into  acetic  and 
amidobenzoic  acids: 

CflHoNOj  +  H2O  =  O^H.Oz  +  C7H7NO2. 

Acetyl-paramidol)cnzoic  acid,  isomeric  with  the  la.st  is 
easily  obtamed  by  oxidising  acetoparatoluide,  CflH4(NH.C2H30).dH3, 
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with  potassium  permanganate.  It  crystallises  in  needles,  sparingly 
soluble  in  water,  more  readily  in  alcohol,  and  melting  with 
decomposition  at  ahout  250°. 

Hipp  uric  or  Benzamidacetic  acid,  CgHgNOj  = 
CH2<Q^^J^sO  (Be7izoyl-glycocine).— This  acid,  metameric  with 

the  two  just  described,  is  formed  by  the  action  of  benzoyl  chloride 
on  the  zinc-salt  of  amidacetic  acid  (glycocine) : 

(CH2.NH2.CO,)2Zii  +  2C7HgOCl  =  Zna^  +  2CH2(NH.C7H50)C02H, 

the  reaction  being  analogous  to  the  second  of  those  above  given  for 
the  formation  of  acetamidobenzoic  acid. 

Hippuric  acid  occurs,  often  in  large  quantities,  in  the  urine  of 
horses,  cows,  and  other  herbivorous  animals  ;  in  smaller  quantity 
also  ill  human  urine.  It  may  be  prepared  by  boiling  fresh  cows' 
or  horses'  uriue  with  milk  of  Hme,  and  precipitating  the  concen- 
trated filtrate  with  hydrochloric  acid.  For  purification  the  crude 
acid  is  washed  with  chlorine- water  ;  or  its  solution  in  dilute  soda- 
ley  is  boiled  with  sodium  hypochlorite  till  it  becomes  colourless,  and 
the  solution  after  cooling  is  precipitated  with  hydrochloric  acid. 

Hippuric  acid  crystallises  in  rhombic  prisms,  which  have  a 
slightly  bitter  taste  and  acid  reaction,  melt  on  the  application  of 
heat,  and  require  for  solution  about  600  parts  of  cold  water  :  it  also 
dissolves  in  hot  alcohol.  At  a  high  tempemture  it  decomposes, 
yielding  benzoic  acid,  ammonium  benzoate,  and  benzonitril,  with  a 
coaly  residue.  BoUing  hydrochloric  acid  converts  it  into  benzoic 
acid  and  glycocine  (amidacetic  acid) : 

CH2(NH.C7H50).C02H  +  HOH  =  C7H5O.OH  +  (^.(NHj).  COoH ; 

just  as  acetamidobenzoic  acid  is  resolved  into  acetic  and  amido- 
benzoic  acids. 

Hippuric  acid  is  monobasic,  the  formula  of  the  hippurates  of 
monatomic  metals  being  CgHgMNOg.  Most  metallic  oxides  dissolve 
readily  in  hippuric  acid.  The  hippurates  of  potassium,  sodium, 
and  ammonium  are  very  soluble,  and  difficult  to  crystallise ;  their 
solutions  form  a  cream-coloured  precipitate  wth  ferric  salts,  and 
white  curdy  precij)itates  with  silver  nitrate  and  mercurous  nitrate. 
A  characteristic  reaction  of  the  hippurates  is,  that  they  give  off 
ammonia  when  fused  with  excess  of  potash  or  lime,  and  yield  ben- 
zene by  distillation.  Mineral  acids  decompose  them,  sepai-ating  the 
hippuric  acid. 

Hippuric  acid,  treated  with  nitrous  acid,  gives  ofl;  nitrogen,  and 
is  converted  into  ben  zoglycollic  acid,  C„H804,  an  acid  contain- 
ing the  elements  of  benzoic  and  glycollic  (oxyacetic)  acids,  minus 
one  molecule  of  water : 

C0H0NO3  +  HNO2  =  CoHgOi  +  H2O  -t-  N2; 
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and  benzoglycollic  acid,  when  boiled  with  water,  splits  up  into 
benzoic  and  glycolUc  acids : 

If,  in  the  preparation  of  hippuric  acid,  the  urine  be  in  the 
slightest  degree  putrid,  the  hippuric  acid  is  all  destroyed  during  the 
evaporation,  ammonia  is  disengaged  in  large  quantity,  and  the 
licpud  IS  then  foimd  to  yield  nothing  but  benzoic  acid,  not  a  trace 
oi  which  can  be  discovered  in  the  unaltered  secretion.  When 
benzoic  acid  is; taken  internally,  it  is  rejected  from  the  system  in 
the  state  of  hippuric  acid,  which  is  then  foimd  in  the  urine. 

Hippuric  acid  dissolves  so  abimdantly  in  an  aqueous  solution  of 
sodium  phosphate,  that  this  solution  loses  its  alkaline  reaction  and 
becomes  acid.  This  reaction  may  explain  the  acid  character  of  the 
recent  urine  of  man  and  herbivorous  animals. 

Uramidobenzoic  acid,  CgHgNaOg  =  CO<JJg-*^B^i-^^-0^,  is 

formed  by  mixing  the  cold  solutions  of  equivalent  quantities  of 
hydrochloride  of  metamidobenzoic  acid  and  potassium  cyanate : 

C,H,N02.HC1  +  CNOK  =  KCl  +  CgHgN^Og ; 

also   by   fusing    urea  with    metamidobenzoic  acid:  C~H.NO„ 
+  CH,N20  =  NH3  +  C8H3N2O3.     It  crystaUises  in  small  needles 
containing  1  molecule  of  water,  soluble  in  hot  water  and  in  alcohol 
When  heated  to  200°,  it  is  resolved  into  H„0  and  oxvbenzovl- 

NH.C  H  .CO  •'J 
urea,  CgHsNjOa  =  CO  <("        '  *  |  .    By  boUing  with  caustic 

NH  1 

potash,  it  is  resolved  into  amidobenzoic  acid,  carbon  dioxide,  and 
ammonia. 

Uramidobenzoic  acid,  treated  with   a  mixture  of  nitric  and 
sulphuric  acid,  yields  three  isomeric  dinitro-uramidobenzoic  acids, 
which,  when  boUed  with  water,  are  converted  into  thi-ee  nitro- 
i  amidobenzoic  acids,  u,  /3,  y,  (p.  523). 

Para-uramidobenzoic  acid,  formed  as  above  from  paraniido- 
benzoic  acid,  crystallises  in  white  shining  elongated  lamina;,  but 
I  slightly  soluble  in  water  even  at  the  boiling  heat.    By  nitration  it 
;  yields  only  one  dinitro-paramidobenzoic  acid,  convertible  into  one 
1  nitro-pararaidobenzoic  acid. 

Diamidobenzoic  acid,  C„H3(NH2),.C02H.— The  six  possible 
I  modihcations  of  this  acid  have  all  been  obtained,  viz.  (CO2H  in  1): 

1:2:3,    1:2:4,    1:2:5,    1:2:6,    1;:3:4,  1:3:5. 
'  The  acids   1:2:3  and  1:3:4  are  formed  from  /3  and  y  nitro- 
I  metamidobenzoic  acid  (p.  523),  and  yield  by  distillation  ortlio- 
( diamidobenzene. 

The  acids  1:2:6,  1:2:4,  and  1:3:5  are  formed  l)y  reduction 
Ot  the  three  corresponding  dinitrobeuzoic  acids  (])p.  521,  522),  and  are 
c  converted,  by  elimination  of  CO^,  into  metadiamidobenzeije. 
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The  acid  1:2:5  (or  1 : 3 :  6)  is  formed  from  oe-nitro-metamido- 
benzoic  acid  and  from  the  corresponding  dinitrohenzoic  acid,  and  is 
convertible  into  paradiamidobenzene. 

Hence  it  apjjears  that  (1  :  4)  diamidobenzene  is  producible  from 
only  one  diamidobenzoic  acid  ;  (1:3)  diamidobenzene  from  three; 
and  (1:2)  diamidobenzene  from  two  diamidobenzoic  acids.  This 
result  affords  a  fiu'ther  confirmation  of  the  structure  of  the  three 
diamidobenzenes  (pp.  424,  451). 

A  triamidobenzoic  acid,  Cg.COgH.NHj.H.NHg.NHg.H,  is  formed 
by  reduction  of  (1  :  2  :  4  :  5)  dinitramidobenzoic  acid.  It  crystal- 
lises in  shining  needles  containing  ^HgO,  and  is  resolved  by  dis- 
tillation into  CO2  and  triamidobenzene. 

Azobenzoic  Acids. — The  action  of  sodium-amalgam  on  the 
mononitrobenzoic  acids  (or  rather  on  their  sodium- salts)  gives  rise 
(as  in  the  case  of  nitrobenzene,  p.  466)  to  azo-,  azoxy-,  and  hydrazo- 
benzoic  acids: 

n  TT  ^CIOjH  p  TT  ^COnll  (-\  TT  -COo3. 

*-^6^4<^]Sf  '-'G-'^i^.iq^  e-'^i'^NH 

CoH4<(-,Q^g-  ^6H4<C02H  ^6Hi<CQ^g 

Azoxybenzoic.  Azobenzoic.  Hydrazobenzoic 

Metazobenzoic  acid,  CjjHiqN204-|-|E[20,  (00,11  andN  in  the 
relative  positions  1,  3),  is  precipitated  by  hydrochloric  acid  from 
the  solution  of  its  sodium  salt,  as  a  yellow  amorphous  powder,  very 
slightly  soluble  in  water,  alcohol,  and  ether ;  decomposed  by  dis- 
tillation. It  is  bibasic,  and  forms  crystalline  yellow  salts  and 
ethers.    Parazobenzoic  acid  is  a  flesh-coloured  amorphous  powder. 

Azoxybenzoic  acid,  C^jHigNgOg  (1  : 3),  is  formed  by  boiling 
an  alcoholic  solution  of  metanitrobenzoic  acid  with  solid  potash,  and 
is  precipitated  by  hydrochloric  acid  in  yellowish  crystalline  flocks. 
— Bibasic. 

Hydrazobenzoic  acid,  C,4Hi2N204,  is  formed  by  adding 
ferrous  sulphate  to  a  boiling  solution  of  azobenzoic  acid  in  caustic 
soda-ley,  and  is  precipitated  by  hydrochloric  acid  in  yellowish  flocks, 
very  slightly  soluble  m  hot  alcohol.  Its  salts  in  aqueous  solution 
absorb  oxygen  from  the  air,  whereby  they  are  converted  into  azoben- 
zoates.  By  boiling  with  hydrochloric  acid  it  is  converted  into  an 
isomeric  acid  derivable  from  diphenyl,  just  as  hydrazobenzene  is 
converted  into  benzidine  (p.  467) : 

(-1  TT  ^COoH  „  -TT  ^COoH 


is  converted  into 


NH, 


*^6-^i<C02H  '^6H3<Q02k  • 

The  last-mentioned  acid  is  resolved  by  distillation  into  CO,  and' 
benzidine.  ' 
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Diazo-derivatives  of  Benzoic  Acid.— These  compounds  are 
lormecl  irom  the  amiaohenzoic  acids  in  the  same  maimer  as  the 
diazobeuzene-compounds  from  the  amidobenzenes. 

• 

Diazohenzoic  Nitrate,  C„H,<^=g.N03  ^  is  formed  by  the 
action  of  nitrous  acid  on  a  sohition  of  metamidobenzoic  acid  in 
mtric  acid._  It  is  sparingly  soluble  in  cold  water,  and  separates 
therefrom  m  colomiess  prisms,  -which  explode  violently  when 
heated.  Potash  added  to  the  aqueous  solution  throws  down  a 
yeUow  very  ^uisgWe  mass,  probably  consisting  of  free  diazobenzoic 
acid   |_C6H4<j^_i.j^_Qjj?2 .    The  nitrate  boiled  with  water 

Swt^S'^'^^f I^,roi^Jiie-water  added  to  the  aqueous 
solution  throws  down  the  perbromide,  aH-N  0  Br        L  ml 
wbch  splidihes  in  yellow  pSsms,  and  is  re7ofve7  bf^^^^^^^ 
alcohol  mto  nitrogen,  bromine,  and  metabromobenzoic  acid. 

D  i  a  z  0  -  a  m  i  d  0  b  e  n  z  o  i  c     acid,       C  .H  NO  - 

«   *^C02H  '  IS  precipitated,  on  passing  ni- 

trous acid  into  the  alcohoKc  solution  of  metamidobenzoic  arid,  as  an 

ZdfZf  T-'"^""'  i^r^'-'  ""'^^^^  ^^^"^^^^'^  ^«ter,  alcohol, 
and  ether.  It  is  a  weak  bibasic  acid,  and  its  salts  in  aqueous  solu- 
taon  are  very  unstable.  The  acid,  heated  mth  haloid  icids,  yields 
the  corresponding  halogen-denvatives  of  benzoic  acid 
^r.lTo'  ""fl  '^azo-amido-compoimds  of  exactly  similar  character 
are  obtained  from  ortho-  and  para-aniidobenzoic  acid. 

Sulphobenzoic  Acids,  C,Il,<:^g2^.--When  vapour  of  sul- 
phuric anhydride  is  passed  over  dry  benzoic  acid,  and  the  product 
18  treated  with  water,  or  when  benzoic  acid  is  heated  for  a  consider- 
able time  with  fuming  sulphuric  acid,  the  chief  product  formed  is 
m  te-sulphobenzoic  acid,  the^am-acid  being  also  produced  in  small 
quantity.  The  latter  is  obtamed  in  the  pure  state  by  oxidation  of 
para-toluenesulphomc  acid  (p.  474),  or  para-sulphociunamic  acid, 
with  chromic  acid  mixture.  ' 
The  m«<a-acid  is  a  colourless,  crystalline,  very  deliquescent, 
«  strong  y  acid  mass,  converted  by  distiUation  wth  PClg  into  meta- 
chlorobenzoyl  chloride.  It  is  a  very  stable  bibasic  acid  :  its  neutral 
barium  salt  is  very  soluble.  The  ^'am-acid,  Crl%SO„  crystal- 
lises m  non-deliquescent  needles,  melting  above  200°,  and  decom- 
?.°w"ln^^*^^  ^rr^  temperature.     Its  neutral  barium  salt, 

n  dl     ^  ^"^  ^  '  ^'^y^'^^j^^^s       small,  ramified,  easily  soluble 


i+T,     1°^°"  x?'      I^romo-sulphobenzoic  acids  arc  obtamed  bv 
line  action  of  fuming  sulphuric  acid  on  the  corresponding  deriva- 
tives of  benzoic  acid,  and  by  oxidation  of  chloro-  and  bromo-toluene- 
suipnomc  acids. 
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JJisulpholenzoic  acid,  CoH4(C02H)(S03H)2,  is  formed  by  heating 
benzoic  acid  with  fuming  sulphuric  acid  and  phosphoric  anhydride 
to  250°.  Deliquescent  acicular  prisms.  Tribasic.  By  distillation 
with  potassium  cyanide,  it  yidlds  a  dicyanide  (m.  p.  159)°,  con- 
vertible into  isophthalic  acid.  An  isomeric  disulpho-acid  is  formed 
by  oxidation  of  toluenedisulphonic  acid. 


Toluic  Acids,  GgH^Og. — Of  ithese  acids  there  are  two  meta- 

meric  modifications,  viz.  : 

Tolulc  or  methyl-benzQic.  AJpha-toInic  or 

iphenyl-acetic. 

the  first  admitting  of  the  three  isomeric  modifications,  o-,  th-,  p-. 
These  three  toluic  acids  are  formed  by  oxidation  of  the  con-e- 
sponding  dimethyl-benzenes  (xylenes)  with  nitric  acid  diluted  with 
3  volumes  of  water ;  also  from  the  corresponding  cyanotoluenes, 
CgH4(CN).CH3,  by  the  action  of  alcoholic  potash,  or  of  strong 
hydrochloric  acid.  By  oxidation  with  chromic  acid  mixtiire,  or 
potassium  permanganate,  they  are  converted  into  the  correspond- 
ing phthalic  acids,  CgH4(C02H)2. 

Orthotoluic  acid  crystallises  in  long  slender  needles  melting 
at  102-5°  ;  is  moderately  soluble  in  hot  water,  and  distils  easily  with 
aqueous  vapour.  By  oxidation  with  permanganate  it  yields 
phthalic  acid,  whereas  chromic  acid  mixtui'e  oxidises  it  completely 
to  carbonic  acid.  Its  calcivmi  salt,  (CgH-02)2Ca-f  SHgO,  and  banwin 
scdt,  (C8H702)2Ba,  form  slender  needles  easily  soluble  in  water. 

Metatoluic  acid  is  best  obtained  from  cyanotoluene,  or  by  the 
action  of  sodium-amalgam  on  bromometatoluic  acid.  It  is  more 
soluble  in  water  than  its  two  isomerides,  and  ciystallises  fi-om  hot 
water  in  slender  needles,  melting  at  109°-110°;  distils  easily  with 
aqvieous  vapour.  Chromic  acid  mixture  oxidises  it  readily  to 
isophthalic  acid.  Its  calcium  scdt,  (C8H5,02)Ca-F3H20,  crystallises 
from  alcohol  in  needles,  easily  soluble  in  water. 

Bromometatoluic  acid,  CoH7Br02,  is  formed  by  heating  nitropara- 
bromotoluene  with  alcoholic  potassium  cyanide  to  220°,  and  saponi- 
fying the  product  with  potash. 

Paratoluic  acid,  obtained  by  oxidation  of  (1 : 4)  xylene,  or  of 
cjnneue,  with  dilute  nitric  acid,  crystallises  in  needles  melting  at 
178°.  Its  calcium  salt,  (C8H702)2Ca-l-2H20,  forms  needles  easily 
soluble  in  water.  Chi'omic  acid  nuxtui-e  oxidises  it  to  terephthalic 
acid. 

Alpha -toluic  or  Phenyl  -  acetic  acid,  CeH^.CIIg.COoH,  iS 
formed  by  boiling  benzyl  cyanide,  C,5H..CH2.CN,  with  alkalis  ;  by 
heating  maudeUc  acid,  C6H5.CH(OH).(J02H,  with  hydriodic  acid ; 
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by  boilmg  vulpic  acid  C,,ll,,0,  (p,  544),  with  baryta ;  and  as  an 
ethyhc  ether,  by  heating  a  mixture  of  bromobenzene  and  ethyl 
chloracetate  with  sodinni :  •'^ 

CgHjBr  +  CHaCl.COaCaHs  +  Na.^  =  NaBr  +  NaCl  +  CgHs.CHo.COoCoHg . 
It  crystallises  from  boiling  water  in  broad  thin  laminaj,  very  much 

horse-sweat ;  melts  at  76-5°,  and  boils 
P  tI  nnni^^T,'^'f^^*'°''  ^ith  PCI5  it  yields  the  chloride 
^oJi5-Vf-2-><JLl,  Which  passes  over  as  a  colourless  heavy  liquid 
±Jy  oxidation  with  chromic  acid  mLxture  it  yields  benzoic  acid. 

„       r^lf  .r.^»T^io^A  ^  possible  dimethyl-carbonic 

acids,  C6H3(CH3)2.C02H,  three  are  known,  viz.  : 

CO,H  CO,H  CO,H 


CH. 


CH, 


Mesitylenic. 


CH3 

XyUc. 


\yCH 
CH3 

Paiaxylic. 


Mesitylenic  acid  (1:3:5),  formed  by  oxidising  mesitylene 
with  dilute  mtric  acid,  crystallises  from  alcohol  in  large  prisms 
from  water  in  neecUes  ;  melts  at  166°,  and  sublimes  without  decom- 
position. DistiUed  with  excess  of  Lime  it  yields  isoxylene  By 
nitric  acid  it  is  further  oxidised  to  trimesic  and  uvitic  acids  Its 
bariim  salt,  (C9H902)2Ba,  dissolves  easUy  in  water,  and  forms  larae 
amrbo1ls^™241°  ^^"^  ^o^s^^-C^H,,  soUdifies  at  0°, 

Xylic  acid  (1:2:4)  and  Paraxylic  acid  (1:3:4),  are  formed, 
together  with  bibasic  xyhdic  acid,  C«H3(CH3).(C02H)2  by  oxidising 
pseudocumene  (p  431)  with  dilute  nitric  acid  at  the  boiling  heat! 
At  the  end  ot  the  reaction  a  crystalUne  mass  separates,  and  on 
repeatedly  boiling  this  mass  with  water,  xylic  and  paraxylic  acids 
pass  over,  while  xyUdic  acid  and  nitro-acids  remain  behind.  The 
^'lic  and  paraxylic  acids  are  separated  by  the  different  solubility  of 
their  calcium  salts,  the  xylate  being  the  more  soluble  of  the  two. 
Jiotli  acids  crystallise  in  prisms,  xylic  acid  melting  at  126°,  para- 
xylic acid  at  163°.  Xylic  acid  is  more  soluble  in  water  than  para- 
xylic acid.    Both  acids  dissolve  easily  in  alcohol. 

Alphaxylic  acid,  CbH4(CH3).CH2.C02H,  is  obtained  by  boiling 
d^xT VixT  potassium  cyanide  (whereby  xylyl  cyanide, 

UH9GN,  is  produced),  and  then  with  potaaL  It  crystallises  in 
broad  needles,  having  a  satiny  lustre,  easily  soluble  in  water,  and 
boihng  at  42°. 

Ethyl-benzoic  acid,  C„H,,(C2H,).C05,H  (1:4),  obtained  by 
°S  n  para-diethylbenzene  witli  nitric  acid,  and  from  broni- 

ethylbenzene  by  the  action  of  Na  and  CO2,  crystallises  li-om  hot 
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water  in  slender  laminse  melting  at  110°,  and  easily  subliming.  By 
oxidation  it  yields  terephthalic  acid. 

Hydrocinnamic,  Phenylpropionic,  or  Homotoluic 
acid,  C6H6.CH2.CH,.C02H,  is  "formed  by  the  action  of  sodium 
amalgam,  or  of  very  strong  bydriodic  acid  at  100°,  on  cianamic 
acid,  CfiH6.CH=OH.C02H,  also  by  beating  cblorethyl-benzene, 
CeHg.CHa.CHaCl  (p.  441),  with  potassium  cyanide,  and  boiling  the 
resulting  nitril  wath  potash.  It  crystallises  ta  slender  needles, 
easily  soluble  in  hot  water  and  in  alcohol,  melts  at  47°  and  distils 
without  decomposition  at  280°.  By  oxidation  it  yields  benzoic 
acid  Heated  to  160°  with  bromine  it  is  reconverted  into  cinnamic 
acid  :C9Hio02  +  Bv^  =  2HBr  +  CgRfi^. 

Eydro-atropic  add,  CeH5.CH<^Q  ,  formed  by  the  action  of 
sodium  amalgam  on  atropic  acid,  is  a  thick  oily  liquid. 

Acids,  CioHi^Og.— Durylic  acid,  CcH2(CH3)3.C02H,  formed  by 
oxidising  durene^  C6H2(CH3)4,  with  dilute  nitric  acid,  crystallises  in 
hard  prisms  melting  at  150°,  and  is  converted  by  oxidation  mto 
cumidic  acid. 

Cumic  acid,  CoH,(C3H7).C02H  (1:4),  is  obtained  by  oxidation 
of  cuminol  or  cumic  aldehyde,  Ct^qK^O,  or  by  heatmg  this  aldehyae 
with  alcoholic  potash : 

2C10H12O    +    KOH    =    CjoHiiKOa    +  C,,K,f). 

Cuminol.  Potassium  Cymyl 

cum  ate.  alconoL 

It  crystallises  in  needles  and  laminaj,  dissolves  easily  ui  hot  water 
and  in  alcohol,  melts  at  113°,  boils  at  about  290°.  By  distillation 
with  lime  it  yields  cumene,  CgHij,  and  by  oxidation  with  chromic 
acid  it  is  converted  into  terephthaUc  acid. 

Alphacymic  acid,  CuHi^Og,  probably  CeH2(CH3)3.CH2C02H, 
is  formed  by  the  action  of  caustic  alkalis  on  cymyl  cyanide, 
C10H13.CN. 


MoN ATOMIC  Acids,  CiiH2n-io02. 

The  acids  of  this  series  are  unsaturated  compounds,  related  to 
benzoic  acid  and  its  homologues,  in  the  same  manner  as  those  of 
the  acrylic  series  to  the  fatty  acids. 

Cinnamic  Acid,  G^Rfi^  =  C6H,.CH=CH.C02H  (Phenyl-  : 
acnjlic  acid). — This  acid  is  produced  synthetically : — 1 .  By  heating 
benzoic  aldehyde  ia  close  vessels  wdth  acetyl  chloride : 

CfHoO  +  C2H3OCI  =  HCl  +  C0H8O2.  ■  i 

2.  By  heating  the  same  aldehyde  with  acetic  anhydride  and 
sodiimi  acetate :  ^ 

2C7H(,0  +  C.HoOg  -  2C0H8O2  +  H2O.  1 
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The  mode  of  action  in  this  case  is  not  well  understood  hut  tliP 
presence  of  the  sodinni  acetate  appears  to  be  essential        '  ' 
.i.iiy  treating  potassium  beuzoate  with  chlorethidene  TTT  PI 
(produced  hy  the  action  of  carbonyl  chloride  on  acSc  Shyde) ' 

C,H,0  +  COCl,  =  HCl  +  CO,  +  C,H3C1 
C,H3C1  +  C^H^O^K  =  KCl  +  CHsO,. 
ciiiamea?:"  ^"""^  "^'^""^  °^  monobromo- 

CeH,.CH=CHBr  +  CO,  +  Na,  =  NaBr  +  CeH,CH=CH.CO,Na. 

■(ciSnS\^ehwlt'?n^r-^''''-^  °^  cinnamon-oil 

f^TLX^^X  f  '  ^-  -T^  oxygen,  and  exists  readv 
lormecl,  together  with  benzoic  acid,  and  certain  oily  and  resiuon^ 
substances,  m  Peru  and  Tolu  balsams-the  produce  oLertnii  sWb 
American  i^TO^um.  _  being  doubtless  LmS  by  oSd^i^^^^ 

Wierem.  It  is  easily  prepared  by  mixing  pulverised  Tolu  balsam 
with  an  equal  weight  of  slaked  Kme,  filtering  hot,  and  dec^mnoS 
the  calcimn  cmnamate  which  crystallises  %ut 'on  cS^^S 
hycbochloric  acid.    The  mother-liquid  contains  calcium  Wzoate 

Cmnamic  acid  crystallises  from  hot  water  in  slender  needles  from 
a  cohol  m  thick  prispis.  It  is  inodorous,  melts  at  133^  ^^01^ 
almost  without  decomposition  at  290°.  It  is  much  1^^  solub  p  in 
water  than  benzoic  acid,  but  dissolves  easily  i^  a  cThoT  I?  I 
oxidised  by  nitnc  acid  to  benzoic  acid  and  benzoic  Xwde  by 
chromic  acid  chiefly  to  benzoic  acid.  By  fusion  with  eSess  of 
potash  It  13  resolved  into  benzoic  and  acetic  acids : 

C,R,0,  +  2H,0  =  CH^O,  +  CH.O,  +  H,, 

the  decomposition  being  precisely  analogous  to  that  of  an  acid  of 
the  acrylic  series  into  two  acids  of  the  fatty  series  (v  30fi  Pv 

S^nf  ristsol^^^-T  ^^'^  P-%  rrw£n',gstill^S 

433?  '^'"^'^^  ^^^^  cinnamene,  C«H, 

Jy'mi^S%SrztSs^«^'''^^  - 
Ethyl   Cinnaraate,  C„H;0,.C,H„  obtained  by  passing  gaseous 

&nnr°"-\'/"r   ^  ''"^"^^^^  «^  cimiamic  acid  iii  aWute 
alcohol,  is  a  liquid  boiling  at  267° 

Vemlmi?2Tf  C„H,0,.C,H„  is  contained  in 

reruand  lolu  balsams,  in  small  quantity  also  in  storax,  and  may 
rhlnlS^'TI^  cinnamate  with  benzyl 

^onde.    It  crystallises  m  shining  prisms  melting  at  39°  distilling 
■  without  decomposition  only  under  reduced  pressure.  ^«"^^'ng 
bmnyl  Cinnamate  ovStyracin,  C' ILO^.C' IL,  occurs,  tocether  with 
cinnamene,  m  liquid  storax  (which"  e:^udes" f/om  litymx^c^Lua  l 
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shrub  growing  in  Greece  and  Asia  Minor),  and  may  be  obtained 
therefrom  by  distilling  the  balsam  to  expel  the  cinnamene,  then 
boiling  it  with  aqueous  sodium  carbonate  to  remove  free  cinnamic 
acid,  and  Imeading  the  spongy  residue  between  the  fingers.  The 
styracin  then  runs  out  as  an  oily  liquid,  and  may  be  obtamed.  m 
tufts  of  prisms  by  crystallisation  from  alcohol.  By  distillation  with 
potash  it  is  resolved  into  cinnyl  or  styryl  alcohol,  CgHjoO,  and 
cinnamic  acid. 

Addition-products  of  Cinnamic  Acid.— Thin  acid,  like  other  un- 
saturated compounds,  can  take  up  H2,  HBr,  ClOH,  &c. ;  thus  it  is 
converted  by  sodium-amalgam  into  hydrocinaamic  acid,  C9Hi(,02 
(p.  530). 

Cinnamic  Dibromide,  CoHgBrA  =  CeHg.CHBr.CHBr.COsH, 
formed  by  the  action  of  bromine  vapour  on  cinnamic  or  on  hydro- 
cinnamic  acid,  crystallises  from  alcohol  in  rhombic  laminae,  melting, 
with  decomposition,  at  about  195°.  By  boiling  with  water  it  is 
resolved  into  monobromocinnamene  and  phenylbromolactic 
acid,  CoH6.CHBr.CH(OH).C02H. 

This  last  mentioned  acid  is  also  formed  by  direct  addition  of 
BrHO  to  cinnamic  acid,  and  phenyl-chlorolactic  acid  in  Kke 
manner  by  addition  of  ClOH.  Both  these  acids  are  converted,  by 
heating  with  alcoholic  potash,  into  phenyloxyacrylic  or  oxy- 
cinnamic  acid,  CoH5.CH=C(OH).C02H,  which  separates  from 
its  salts  as  an  oil,  solidifying  in  shining  landnEe,  and  decomposed 
by  heat. 

Substitution-2]roducts.— Cinnamic  dibromide  heated  with  alcoholic 
potash  yields  two  isomeric  monobromocinnamic  acids,  viz.: 

CoHs.CH^CBr.COsH  CeH5.0Br=CH.C02H 

Both  are  crystalline.     The  a-acid  melts  at  130°,  and  forms  salts  ' 
which  crystallise  readily;  the  /3-acid  melts  at  120°,  and  forms  deli- 
quescent salts.    »  unites  -with  2  atoms  of  bromme,  and  is  converted 
by  sodium-amalgam  into  hydrocinnamic  acid;*/3is  converted  into 
a,  by  distillation,  or  by  heating  with  hydriodic  acid. 

Two  nitrocinnajmic  acids  {ortho-  and  jjara-)  are  formed  by 
direct  nitration,  and  may  be  separated  by  the  diflerent  solubilities 
of  their  ethyUc  ethers  in  cold  alcohol,  the  p-compoimd  being  nearly 
insoluble.  The  o-compound  melts  at  232°,  the  ^-compound  at 
265°.  Both  are  converted  by  chi-omic  acid  into  the  corresponding 
nitrobenzoic  acids.   

The  foUowing  homologues  of  cinnamic  acid  (which  cannot  here 
he  described)  are  formed  by  heating  Ijenzoic  and  cumic  aldehydes 
with  the  sodium  salt  of  a  fatty  acid,  CnHonO,,  and  the  corresponding 
anhydride,  (CnH2n-iO)20,  e.g.,  phenylcrotonic  acid  from  benzoic 
aldehyde,  sodium  propionate,  and  propionic  anhydride— the  inode 
of  formation  being  exactly  analogous  to  that  of  cumamic  acid  from 
C^H^O  and  C4H0O3  (p.  530)  : 


Acids  from  Benzoic  Aldehyde. 
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Acids  from  Cumic  Aldehyde. 
Cumenyl-acrylic,      .  Ci2H,,02 
Cumenyl-crotonic,    .  CigHi^O., 
Cunienyl-angelic,     .  C,4H,„0; 


Phenylcrotonic,  .  CioH,oO, 
Tsophenylcrotouic,  .  C^qR^^OI, 
Phenyl-angelic,        .  C^HijO^ 


—  —  u  (_>      -7       "         14     18  2 

An  Isophenylcrotonic  acid  is  formed  by  the  action  of  succinic 
anhydride  and  sodiiuu  succinate  on  benzoic  aldehyde: 

Sodium-amalgam  converts  these  acids  into  acids  of  the  series 
CnH2n-802;  e.g.,  hydrocumenylacrylic,  C^^^ifi^.* 

Atropic  and  Isatropic  Acids,  isomeric  with  cinnamic  acid 
are  f  ormed  simultaneously  from  tropic  acid  (p.  538),  by  boiling  ^vith 
baryta- water  or  hycbochloric  acid:  -  HgO  =  CgHgOg. 

Atropic  acid  the  chief  product  formed  when  baryta  is  used, 
crystaUises  from  hot  water  in  monoclinic  plates,  slightly  soluble  in 
cold  water,  melting  at  106-5°.  It  is  oxidised  by  chromic  acid  mix- 
ture to  benzoic  acid;  converted  by  sodium-amalgam  into  hydro- 
atropic  acid  (p.  530) ;  and  resolved  by  fusion  with  potash  into  alpha- 
toluic  acid,  CeH5.CH2.CO2H,  and  formic  acid,  whereas  cinnlmic 
acid  similarly  treated  yields  benzoic  and  acetic  acids;  hence  it 
appears  that  atropic  acid  is  related  to  cinnamic  acid  in  the  same 
manner  as  methacrylic  to  solid  crotonic  acid  (p.  307)  : 

CH3-CH=CH-C0,H  CH2=C(CH3)(C02H) 

C''"o°i'=-  Methacrylic. 

CoH,-CH=CH-C02H  CH^^CCCeH^XCO^H) 

IsatTopic  acid,  probably  a  polymeric  modification,  is  the  chief 
product  obtained  by  heating  tropic  acid  with  hydrochloric  acid  to 
nf  Qnno  1  '  thin  laminae,  very  slightly  soluble  in  water,  melts 
at  200  ;  does  not  unite  with  nascent  hydrogen. 

Acids,  CnH2n-1202  ;— 

Phenyl-propiolic  acid,  C„HA  =  C„H,-C=C-C02H,  is 
lormed:  1.  Ly  boilmg  ««-bromocinnamic  acid  with  alcoholic  pot- 

r- w     n  ^n^t-r^l"^       ^''^  '^^^^  on  «-bromocinnamene, 

^c^5— ^HjCH— CHBr.     3.  By  the  action  of  CO,  on  sodium- 
acetenylbenzene  (p.  434)  dissolved  in  ether : 

C'eHg— C=CNa  +  CO^  =  C0H5— C=C— C02Na . 
It  crystallises  from  hot  water  in  long  shining  needles;  melts  and 
sublimes  at  136°-137°;  melts  under  water  at  80°.  It  is  oxidised 
by  chromic  acid  mixture  to  benzoic  acid;  converted  by  sodium- 
amalgam  into  hydrocinnamic  acid  ;  resolved  by  heating  with  water 
to  120°  into  CO2  and  phenyl-acetylene,  C„Hs.C=CH  (p  434). 
Homologous  with  phenyl-propiolic  acid  are  the  following  acids 

*  Perk  in,  Chem.  Hoc.  Jour.  1877,  i.  388. 
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formed  from  ciimamic  aldehyde,  CgHgO,  "by  the  action  of  the  anhy- 
drides and  sodium  salts  of  fatty  acids,  viz. : 

Cinnamenyl-acrylic  acid,  ....  C^jH^QOg 
Cinnamenyl-crotonic  acid,  .  .  .  C12H12O2 
Ciunamenyl-angelic  acid,  ....    CijHj^Og . 


MONOBASIC  AND  DIATOMIC  ACIDS. 

CO2H  ■ 

These  aromatic  oxy-acids,  like  the  corresponding  acids  of  the  fatty 
series  (the  lactic  acids),  exhibit  alcoholic  as  weU  as  acid  characters. 
In  contact  with  carhoiiates  they  give  up  only  the  hydrogen-atom  of 
the  CO„H-group  in  exchange  for  a  metal  (forming  neutral  salts),  but 
when  acted  upon  by  strong  free  bases  (caustic  alkalis),  they  Ukevrise 
exchange  the  hydrogen  of  the  hydi-oxyl-group  (the  alcohoHc  or 
phenolic  hydi-ogen)  for  metals,  forming  so-called  basic  salts,  e.g., 
CcH4(ONa)(C02Na).  These,  Kke  the  metallic  derivatives  of  the 
phenols,  are  decomposed  by  carbonic  acid,  and  converted  iato  neutral 
salts. 

The  aromatic  oxy-acids  are  formed  from  the  halogen-derivatives 
of  benzoic  acid  and  its  homologues,  and  from  the  sulpho-acids,  by 
fusion  with  alkalis  ;  from  the  amido-derivatives  of  the  same  acids 
by  the  action  of  nitrous  acid  ;  and  from  the  phenols  by  the  action 
of  sodium  and  carbon  dioxide. 

Oxybenzoic  Acids,  C^Rfi^  =  C6H^(OH).C02H . 

1.  Ortho-oxybenzoic  or  Salicylic  Acid  (1:2),  is  formed: 
(1.)  By  heating  sodium  phenate  in  a  stream  of  carbon  dioxide,  phe- 
nol then  distUling  over,  while  disodium  salicylate  remaias  behind: 

2C6H50Na  +  CO2  =  CcH40Na.C02Na  +  CgHgOH. 

The  reaction  takes  place  even  below  100°,  but  proceeds  most  quickly 
between  170°  and  180°,  and  goes  oq  in  the  same  way  up  to  300°,  at 
which  temperature  the  sodium  salicylate  begins  to  decompose. 
This  process  is  applied  to  the  preparation  of  salicylic  acid  on  the 
large  scale.  Potassium  phenate  heated  ra  a  stream  of  carbon 
dioxide  is  decomposed  in  the  same  manner,  yielding  pure  dipotas- 
sium  salicylate  up  to  150° ;  but  above  that  temperatiu-e  the  isomeric 
paraoxybenzoate  is  likewise  produced,  increasing  in  proportion  as 
the  temperature  rises,  and  becoming  the  sole  product  at  220°. 
Monopotassium  salicylate  is  decomposed  in  the  same  manner  at  220°, 
yielding  a  distillate  of  phenol  and  a  residue  of  dipotassium  pai-aoxy- 
benzoate : 

2(CoH,(OH).C02K)  =  C6H4(OK).C02K  +  CaRfill  +  CO2 ; 

and  the  monosodium  salt  undergoes  a  similar  decomposition,  yield- 
ing however,  not  paraoxybenzoate,  but  salicylate  of  sodium. 
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^o"^       oxidation  of  salicylic  aldehyde  or  of  saligenin  fp  507) 
ili^)  ackb  """'^  ''''  ^^'-^^  amidobenzoic  (anthan- 

CfiH,(NH2).C02H  +  NO.OH  =  CoH„(OH).C02H  +      +  H^O. 

(4.)  Byfiising  (l:2)chloro-  or  bromobenzoic  acid,  ora-2)toln 
enesiUphomc  acid  with  alkalis.  M-^  -^j  toiu- 

(5.)  Together  with  acetic  acid,  by  heating  coumaric  acid  with 
potassium  hydroxide:  ^  wiuu 

C,H303  +  2H,0  =  C,Ho03  +  C,H,0,  +  H,. 

Salicylic  acid  occurs  in  the  free  state  in  the  flowers  of  meadow-sweet 
{Spzrcea  ulmana),  and  as  a  methylic  ether  in  oil  of  winter-careen 
L?rwith  pote"    '  """^      obtained  by  distilla- 

Salicylic  acid  crystallises  from  its  alcohoHc  solution  by  spontane- 
ous evaporation  m  large  monoclinic  prisms.  It  requires  about  1800 
parts  of  cold  water  to  dissolve  it,  but  is  much  more  soluSe  in  hot 
water  and  in  alcohol.  Its  aqueous  solution  imparts  a  deep  violet 
colour  to  feme  salts.  It  melts  at  155°-156°,  gives  ofl^  pheSol  at  a 
higher  temperatiu-e,  and  when  heated  with  pounded  glai  or  qufck- 
lime,  IS  completely  resolved  into  carbon  dioxide  and  phenol  It  is 
di-stinguished  from  both  its  isomerides  by  its  behaviour  with  ferric 
salts.  Its  very  slight  solubility  in  water,  and  its  lower  melting  point 
It  IS  a  very  powerful  antiseptic. 

Basic  Barimri  salicylate,  C,lI,<:^^2-^Ba  +  2H,0 ,  separates  in 
springly  soluble  laminte  on  boiling  saHcyHc  acid  with  barvta 
h^r^L  X  hydroxyUc  hydrogen-atoms  being  replaced  Iw 
bariuni.  The  basic  calcium  salt  is  formed  in  a  simUar  manner  and 
separates  as  an  msoluble  powder.  This  reaction  affords  another 
distinction  between  salicylic  acid  and  its  isomerides. 

Halogen-derivatives  of  Salicylic  acid  are  easily  formed  by  the  direct 
action  of  bromine  and  chlorine ;  also  of  iodine,  in  presenci  of  HgO  or 
lU,hi     Ey  nitration  .salicylic  acid  yields  three  nitro-acids. 

Salicylic  chloride,  G„H,C1.C0.C1,  formed  by  the  action  of 
FOfg  on  the  acid,  is  an  oil  which  boils  at  240°,  and  is  converted  by 
not  water  into  o-chlorobenzoic  acid. 

Salicylic  anhydride  or  Salicylide,  C,'il^<^§'^ ,  formed 
by  the  action  of  PCI3O  on  salicylic  acid,  crystallises  in  shinin<T 
needles,  di,ssolves  sparingly  in  water,  and  is  reconverted  by  alkalil 
into  salicyhc  acid. 

Salicylamide,  C,H,(0H).C0.NH2,  formed  by  heating  ammo- 

.  nium  .salicylate,  or  by  the  action  of  ammonia  on  salicylic  etherci 
I  torms  sparingly  soluble  lamina?  melting  at  132°.  ' 

Salicylic  ethers  are  formed   by  passing  ga.seous  hydrogen 

« chloride  mto  the  solutions  of  salicylic  acid  in  the  corresJoudC 
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alcoliols.  The  monometliylic  ether,  CcH4(OH).C02CH3,  is  the  chief 
constituent  of  winter-green  oil.  It  is  a  fragrant  liquid  of  specific 
gravity  1-197  at  0°,  boiling  at  224°,  coloured  violet  by  ferric  chloride. 
The  monethylic  ether  boils  at  221°. 

The  climethylic  ether,  CbH4(OCH3).C02CH3,  an  oil  boiling  at  240°, 
is  formed  by  heating  the  nionomethylic  ether  with  alcoholic  potash 
and  methyl  oxide : 

C8H4(OK).C02GH3  +  CH3I  =  KI  +  CeH,(OCH3).C02CH3 . 

This  ether,  saponified  with  potash,  yields  methyl  alcohol  and 
methylsalicylic  acid,  OeH4(OCH3).C02H,  which  forms  large 
tabular  crystals,  melting  at  98°,  easily  soluble  in  hot  water  and 
alcohol,  resolved  at  200°  into  COg  and  anisol,  C5H5.OCH3. 

Diethyl  salicijlate  and  Etlvylsalicylic  acid  are  formed  in  like 
manner  ;  the  latter  melts  at  19-5°,  and  is  resolved  at  300°  into  COg, 
and  phenetol,  CgHg.O.CgH, . 

Acetyl-salicylic  acid,  CoH[4(O.CijH30).C02H,  formed  by  the  action 
of  acetyl  chloride  on  salicylic  acid,  crystallises  in  slender  needles. 

Meta-oxybenzoic  Acid,  C(jH4(OH).C02H  (1:3),  ordinary  oxy- 
benzoic  acid,  is  formed  by  the  action  of  nitrous  acid  on  metamido- 
benzoic  acid,  and  by  fusing  metahromo-,  iodo-,  or  sulpho-benzoic 
acid  with  potash.  It  is  sparingly  soluble  in  cold  water  and  alcohol, 
easily  in  the  same  liquids  when  hot,  and  separates  on  cooling  as  a 
crystalline  powder.  It  melts  at  200°,  sublimes  undecomposed,  and 
is  altogether  more  stable  than  either  of  its  isomerides,  heing  resolved 
into  CO2  and  phenol  only  by  distillation  with  Hme.  It  is  not 
coloured  by  ferric  chloride.  Its  etMjlic  ether,  CgHj(OH).C02C2ll5, 
crystallises  in  plates,  dissolves  in  hot  water,  melts  at  72°,  and  boils 
at  280°.  The  dimethylic  ether,  Cf,H4(OCH3).C02.CH3,  is  formed  by 
heatiog  the  acid  with  CH3I  and  KOH  to  140°,  and  converted  by 
boiling  with  potash  into  methyloxybenzoic  acid,  CgH4(OCH3).C02H, 
which  crystallises  in  long  needles,  dissolves  easily  in  hot  water,  melts 
at  100°,  and  sublimes  undecomposed. 

Para-oxtbenzoic  Acid,  CeH4(OH).C02H  (1:4),  is  formed  as 
above  mentioned,  by  heating  potassium  phenate  in  a  stream  of 
carbon  dioxide  ;  also  from  (1 :4)  chloro-,  bromo-,  iodo-,  and  sulpho- 
benzoic  acid,  and  from  various  resins,  by  fusion  with  potassium 
hydroxide  ;  by  the  action  of  nitrous  acid  on  paramidobenzoic  acid  ; 
and  by  heating  anisic  (methyl-paraoxybenzoic)  acid  vnth.  strong 
hydriocUc  acid:  C7H5(CH3)03  -|-  HI  =  CH3I  +  C^Tifls.  It  is 
more  soluble  in  cold  water  than  metaoxybenzoic  or  salicylic  acid, 
dissolving  in  126  parts  of  water  at  15°:  from  a  hot  solution  it 
crystalHses  in  small  distinct  monocbnic  prisms,  containing  1  mol. 
H2O.  Its  solution  forms,  with  ferric  chloride,  a  yelloAV  precipitate 
Lasoluble  in  excess,  without  violet  coloration.  In  the  anhydrous 
state  it  melts  at  210°,  with  partial  resolution  into  COg  and  phenol. 

Its  basic  barium-salt,  CoH4<(jq  >Ba ,  is  insoluble,  and  aflbrds  the 

means  of  separating  paraoxybenzoic  acid  from  the  meta-acid. 
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Monomethylicparao^^^^^  large  tabular  crystals,  melts 

ft  lho^^^9r  TH  ethylic  ether  melts  at  113°,  and  boils 

Methyl-paraoxybenzoic    and   Ethyl-paraoxybenzoic    acids  are 
prepared  m  the  same  manner  as  the  ortho-  and  meta-compounds. 

Methyl-paraoxybenzoic  or  Anisic  acid,  aH.COGH,)  CO  H 
13 also  produced  by  oxidation  of  anisaldehyde  and  anethol  (p  504) 
-or  the  crude  oils  of  anise,  fennel,  and  tarragon,  which  contain 
anethol— with  nitric  acid  or  chromic  acid  mixture.  The  anethol  is 
hrst  converted  into  anisaldehyde  : 

C10H12O    +    06    =    C8H8O2    +    C2H2O,    +  H.O, 

Ansthol.  Anis-  Oxalic 

aldeliyde.  acid. 

and  the  aldehyde  is  afterwards  oxidised  to  anisic  acid.  Anisic 

CbH,(OCH  )  Ch''"°'^''°'''^  oxidation   of    methyl  -  paracresol, 

Aiiisic  acid  crystalHses  from  hot  water  in  long  needles,  from 
alcohol  m  rhombic  prisms;  melts  at  183°;  sublimes  and  boUs 
without  decomposition  at  283°.  By  heating  with  lime  or  baryta 
It  13  resolved  mto  CO^  and  anisol,  CeH-.O.CHg.  Heated  with  HCl 
or  Hi,  it  yields  paraoxybenzoic  acid.  Its  salts  are  easily  soluble  in 
water,  and  crystallise  well. 

With  the  halogens  and  with  nitric  acid,  anisic  acid  readily  yields 
substitution-products,  which  are  converted  by  distiUation  with 
baryta  into  suljstituted  anisols.    By  the  successive  action  of  fumino' 

n"^  f^'}^''^^?^'''  ^'^i^  is  converted  into  chrysanisiS 

acid  C6H2(N02)2(NH2).C02H  (p.  523).  ^ 

Acids,  C8H3O3  =  C,Ho<gHjj  . 

1.  CRESOTIC,  or  OxYTOLUic  AciDs,  C(,H3(CH3)<g^  .—Three 

cresotic  acids  are  formed  by  the  action  of  Na  and  C0„  on  the  three 
isomeric  cresols  (p.  487)  :  ^ 

C6H,(CH3)OH  +  CO2  =  CflH3(CH3)(OH)(C02H) . 

They  crystallise  in  needles,  dissolve  in  hot  water,  and  are  coloured 
violet  by  ferric  chlonde.  The  acid  from  o-cresol  melts  at  163°-164°- 
that  Irom  m-cresol  at  114° ;  that  from  p-cresol  at  153°. 

A  lourth  oxytoluic  acid  is  obtamed  from  sulphotoluic  acid  (from 
cami.hor-thiocymene)  by  fusion  with  potash  ;  it  melts  at  203°,  and 
IS  not  coloured  by  ferric  chloride. 

2.  ManDELIC  or  PHENYLGLyCOLLIO  AciD,  CoH5.CH<gQ  jj,ig 

fonned  by  boiling  bitter  almond  oil  for  30-36  hours  witli  liydro- 
cyanic  and  hydrochloric  acids :  ^ 

C6H,.CH0  +  CNH  +  211,0  =  mi,  +  C;iI,.CII0H.C02H ; 
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also  by  heating  amygdalin  (see  Glucosides)  with  hydrochloric 
acid.  It  crystallises  in  prisnLS  or  tables,  easily  soluble  in  water, 
alcohol,  and  ether,  melting  at  115°.  By  oxidising  agents  it  is 
converted  into  benzoic  acid;  by  hydriodic  acid  into  alphatoluic 
(phenylacetic)  acid.  With  HBr  it  yields  'phenylhromacetic  acid, 
CgHg.CHBr.COgH,  and  with  HCl  the  corresponding  chlorinated 
acid. 

Acids,  CflHioOy 

1.  Oxymesitylenic  Acid,  ^^^{GR^^^q  -g  ,  formed  by 

heating  mesitylenesulphonic  acid  with  potash  to  240°-250°,  crystal- 
lises from  alcohol  in  silky  needles,  melts  at  176°,  and  sublimes  in 
long  flat  needles.  Its  solutions  and  those  of  its  salts  are  coloui-ed 
dark  blue  by  ferric  chloride. 

OH 

2.  Hydrocoumaeic  or  Mblilotic  Acid,  CflH^-ec;;^-^  qjj  C0,II 

(1 : 2),  occurs  in  the  yellow  mellilot,  and  is  formed  by  the  action  of 
sodium  on  coumarin  (p.  540)  and  coumaric  acid :  CgllgOg  (coumarin) 
-H  HjO -I- Hg  =  CgHjoOg.  It  crystallises  in  long  needles  melting 
at  82°.  Its  solution  is  coloured  bluish  by  ferric  chloride.  By 
distillation    it    is    converted    into    the    anhydride,    C9H802  = 

C(.H^<^^^  ^Q,  which  melts  at  25°.    By  fusion  with  potash 

melilotic  acid,  is  resolved  into  acetic  and  salicylic  acid,  and  is  there- 
fore an  ortho-diderivative  of  benzene. 

OH 

3.  Hydroparacoumark!  Acid,  CgH4<;;Qjj  (1 : 4),  is 

produced  by  the  action  of  sodium-amalgam  on  paracoumaric  acid, 
and  of  nitrous  acid  on  para-amidocinnamic  acid.  It  forms  small 
monoclinic  crystals,  easily  soluble  in  water,  alcohol,  and  ether ; 
melting  at  125°.  By  fusion  with  potash  it  yields  para-oxybenzoic 
acid. 

OH 

4.  Phloretic  Acid,  CeH4<^jj^^-g-_^^^^Q^-g-^  (1:4),  is  formed, 
together  with  phloroglucin,  by  heating  phloretin  with  potash-ley :  : 

CisHi.Og  +  H^O  =  C0H10O3  +  CeH^Os; 

also  by  the  action  of  sodium  and  COg  on  phlorol,  CgHgOH  (p.  489). 
It  crystallises  in  long  prisms,  easily  solul)le  in  hot  water,  melting 
at  129°.  Ferric  chloricle  colours  its  solution  green.  By  heating 
with  baryta  it  is  resolved  into  CO2  and  phlorol ;  by  fusion  with 
potash  into  acetic  and  paroxybenzoic  acids.  Methylphloretic  acid 
is  converted  by  oxidation  into  anisic  acid. 

OH  OH 

5.  Tropic  Acid,  CaHf,.CH<;^Q2^^ ,  Phenyl-hydracnjlic  acid, 

formed  from  atropine  by  boiling  yvith  hydrochloric  acid  or  with 
baryta-water,  crystallises  in  slender  prisms  melting  at  117°.  By 
long  boiling  with  baryta  it  is  converted  into  atroijic  and  isatropic 
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acids  (p  533),  which  by  oxidation  yield  benzoic  acid.  Tropic  acid 
IS  thereiore  a  monoderivatiTO  of  benzene. 

6.  Phenyl-lactic  Acid,  C,IL,.CR,.CR<^^ ^  ,  Phenyl-chloro- 
lactic  acid,  CeH,.CHCl  CH(OH)(CO,H),  formed  by  addition  of 
C10Htocmnaniic  acid,  CeH5.CH=CH.C02H,  and  phenyl-bromo- 
!^5rT?  ''^'i^'.T  cinnamic  dibromide,  C„H,.CHBr 

CHBr.CO^H,  with  water  (p.  532),  are  both  converted  by  sodium 
amalgam  into  phenyl-lactic  acid.    This  acid  crystaUises  in  con- 
centric groups  of  needles,  very  soluble  in  hot  water,  melting  at  94° 
At  180  _  It  decomposes  into  water  and  cinnamic  acid.  When  quicklv 
heated  it  yields  cinnamene  : 

CeH,.CH,.CH(OH)(00,H)  =  CO,  +  H,0  +  CeH^.CH^CH, . 
Heated  with  concentrated  haloid  axiids  it  exchanges  its  hydi-oxyl- 

T.ronne     C,H„NO.,    probaHy    C.H,<ra  (j,^^,  ^.^.H, 

■raraoxijphenyl-amidopropionic  or  Amido-hydropamcoumaric  acid,  is 
a  compound  nearly  related  to  phloretic  or  hydroparacoumaric  acid. 
it_  IS  produced,  together  with  leucine,  aspartic  acid,  and  glutamic 
acid  by  boiling  various  animal  substances,  as  albuminoids,  horn, 
hair,  &c.,  with  hydrochloric  or  sulphuric  acid,  or  by  fusing  them 
with  potash.  It  sometimes  occurs  ready-formed  in  the  liver;  spleen, 
and  pancreas ;  also  in  old  cheese  (rvpo;).  It  is  best  prepared  by 
boilmg  hom-shavings  with  2  parts  of  sulphuric  acid  diluted  with 
4  parts  of  water  for  about  20  hours,  renewing  the  water  as  it 
evaporates.  The  solution  is  then  saturated  with  miU?:  of  lime, 
and  the  tyrosine  is  precipitated  from  the  concentrated  filtrate  by 
acetic  acid. 

_  Tyrosine  is  insoluble  in  ether,  slightly  soluble  in  cold  water  and 
in  alcohol,  dissolves  in  150  parts  of  hot  water,  and  crystallises 
therefrom  m  slender  needles.    It  dissolves  easily  in  hydrochloric 
;  acid,  lorming  the  salt  CaHjiNOg.HCl,  which  crystallises  in  needles, 
ihe  aqueous  solution  of  tyrosine  boiled  mth  mercuric  nitrate 
yields  a  yellowish  precipitate,  which,  when  boiled  with  dilute 
yellow  nitric  acid,  becomes  dark  red ;  this  is  a  very  delicate  test 
I  lor  tyrosine.    With  chlorine  and  bromine  tyrosine  yields  chlor- 
and  broma-nil,  CeCl402  and  CoBr^O, ;  with  nitric  acid  it  yields 
substitution-products.    Sulphuric  acid  dissolves  it,  forming  sulpho- 
acids  whose  salts  are  coloured  violet  by  ferric  chloride. 
Tyrosine  fused  with  potash  is  resolved  into  acetic  acid,  ammonia, 
>  and  para-oxybenzoic  acid.     Heated  to  140°  with  hydriodic  acid,  it 
yields  phlorol  (p.  489),  together  with  COj  and  NH3 : 

•  °''^<C,H3(NH,)C0,H  +  2HI^  C„H,<g^^_  +  CO,  +  NH3+I,. 
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These  reactions  show  that  tyrosine  is  a  para-derivative  of  benzene, 
containing  the  NHg-gronp  in  the  lateral  chain. 

Acids,  O11H14O3.— Two  isomeric  acids,  thymotic  and  carva- 
crotic,  are  formed  by  the  action  of  sodium  and  COg  on  thymol 
and  carvacrol  (p.  489) : 

CeH3(OH)<g3Hr  +  CO,  =  C,Tl,{OB.)iCO,B)<^§^ . 

Thymotic  acid  forms  long  needles,  very  slightly  soluble  in  cold 
water  ;  melts  at  120°,  and  sublimes.  Carvacrotic  acid  sublimes  in 
flat  needles,  melting  at  134°.  Both  are  coloured  a  fine  blue  by 
ferric  chloride. 

Phenylpropyl-glycollic  acid,  C6H4<(-,|j^7Q-g-^  (^Q^jj,  formed 

by  the  action  of  hydrochloric  and  hydrocyanic  acids  on  cuniiuol, 
crystallises  in  small  needles,  moderately  soluble  in  cold  water,  very 
soluble  in  alcohol  and  ether,  melting  at  158°. 


(2.)  Unsaturated  Acids,  CnH2n-io03. 

Ooumaric  and  Paracoumaric  Acids,  Cg  Hg  O3  = 
CfiH^^Qg"^'^'^^'^"^ ,  the  only  known  acids  of  this  series, 
have  the  composition  of  oxycumamic  or  oxyphenyl-acrylic  acid. 

Paracoumaric  acid  (1:4),  produced  by  boiling  an  aqueous 
solution  of  aloes  with  sulphuric  acid,  crystallises  in  colourless, 
shining,  brittle  needles,  easily  soluble  in  hot  water  and  in  alcohol, 
melting  at  170°-180°.  By  nascent  hydrogen  it  is  converted  into 
hydroparacoumaric  acid;  by  fusion  with  potash,  into  paraoxy- 
benzoic  acid. 

Ooumaric  acid  (1:2)  occurs,  together  with  melilotic  acid 
(p.  536),  in  the  yellow  melilot,  and  in  Faham  leaves,  and  is 
most  easily  prepared  from  coumarin,  its  anhydride,  by  boiling 
with  potash.  It  crystallises  in  colourless  shining  prisms,  easily 
soluble  in  hot  water  and  alcohol,  melting  at  195°.  The  solutions 
of  its  alkali-salts  exhibit  a  bright  green  fluorescence.  By  nascent 
hydrogen  it  is  converted  into  melilotic  acid  ;  by  fusion  with  potash 
into  salicylic  and  acetic  acids. 

Ooumarin,  OgHeOa,  or  Ooumaric  anhydride, 
CgH,<^j^:I^^2  CO'  odoriferous  principle  of  the  Tonka 

bean  {Dijitcryx  odomta),  and  of  several  other  plants,  as  Mclilotus  offi- 
cinalis, Aspenda  odorata,  and  AnthoxantJmm  odoratum.  It  may  be 
extracted  Ironi  these  plants  by  alcohol,  and  crystallises  in  s^e^^'^' 
shining,  colourless  needles,  melting  at  67°,  boiling  between  290°  and 
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291  and  clistillmg  without  decomposition  at  a  higher  temperature 
It  has  a  fragrant  odour  and  burning  taste  ;  is  very  slightly  soluble 
111  cold  water,  more  soluble  in  hot  water  and  in  alcohol  It  dis- 
solves m  potash-ley,  and  is  converted  by  long  boiling  therewith  into 
coumaric  acid.    Sodium-amalgam  converts  it  into  melilotic  acid 

Coumarm  is  formed  artificially  by  dehydration  of  acetosalicylal 
(isomeric  with  coumaric  acid)  in  the  manner  already  described 
(action  of  acetic  anhydride  on  sodinm-salicylal,  p.  512): 

C,H,(C2H30)02-H,0  =  CgHA. 

By  acting  on  sodinm-salicylal  in  like  manner  with  butyric  and 
valeric  anydrides,  homologues  of  coumarin  are  obtained,  viz 
butyric  coumarin,  CnHioOj,  and  valeric  coumarin,  aoH,,0,' 
Both  crystallise  m  prisms,  the  former  melting  at  71°,  and  boilim^ 
at  297° ;  the  latter  melting  at  54°,  and  distilling  with  partial  de*^ 
composition  at  300°. 


MONOBASIC   AND   TRIATOMIC    ACIDS— DIOXTACIDS. 

(1.)  Dioxybenzoic  Acids,  C,H A  =  CeHg  j  g]^^^_Of  six 

possible  isomerides  included  in  this  formula,  four  are  known,  but  the 
orientation  of  their  lateral  chains  is  not  yet  completely  established* 
Two  dioxybenzoic  acids  are  obtained  by  fusing  the  two  disidpho- 
benzoic  acids  (p.  527)  with  potassium  hycboxide.  One  of  these 
dioxy-acids  forms  crystals  containing  l^U^O,  melts  with  decom- 
position at  about  220°,  and  is  not  coloured  by  ferric  chloride.  The 
other,  prepared  also  from  toluenedisulphonic  acid,  forms  hydrated 
crystals  melting  at  194°,  and  is  coloured  dark  red  by  ferric  chlo- 
ride. 

.  Oxysalicylic  Acid,  CoH3(OH)2.C02H  (probably  1:2:3,  CO^H 
m  1)  IS  formed  by  boiling  a  solution  of  iodosaUcylic  acid,  C,H J0„ 
with  potash  It  crystallises  in  shining  needles,  soluble  in  water, 
alcohol,  and  ether.  The  aqueous  solution,  luLxed  with  ferric 
chloride,  acquires  a  deep  blue  colour,  changing  to  red  and  then  brown 
on  addition  oi  ammoma  or  sodium  carbonate.  The  crystallised  acid 
melts  at  196°-197°,  and  is  resolved  at  a  liigher  temperature  into' 
CUg  and  hydroquinone  (together  with  pyrocatechin).  The  oxy- 
sahcylates  are  very  unstable. 

-^cid,  C„H3(OH)2.COaH  (probably  1:3:4, 
OO2H  in  1) ;  also  called  Garhohydroquinonic  acid. — This  acid  is 
produced  by  the  action  of  melting  potash  on  its  aldehyde,  and  on 
lodoparaoxybenzoic,  bromanisic,  cresolsul  phonic  and  eugenic  acids, 
catLchin,  and  many  other  tri-derivatives  of  benzene ;  also  on 
numerous  resins,  as  benzoin,  myrrh,  dragon's  blood,  assafoetida,  &c., 

*  See  Watts's  Dictionary  of  Chemistry,  2ucl  Supplement,  p,  432. 
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its  formation  from  these  resins  being  usually  accompanied  by  that 
of  paraoxybenzoic  acid.  It  is  also  formed  by  the  action  of  bromine 
on  aqueous  quioic  acid,  and  by  fusing  that  acid  with  potash.  It  is 
most  easily  prepared  by  adding  1  part  of  East  Indian  kino  to 
3  parts  of  fused  sodium  hydroxide,  dissolving  the  melt  in  water, 
acidulating,  and  agitating  with  ether. 

Protocatechuic  acid  crystallises  from  water  in  shining  needles  or 
laminse  containing  1  mol.  HjO.  It  dissolves  easily  in  hot  water, 
in  alcohol,  and  in  ether,  and  in  40-50  parts  of  cold  water  ;  melts  at 
199°,  and  decomposes  at  a  higher  temperature  into  COj  and  pyro- 
catechin  (together  with  hydroquinone).  Ferric  chloride  colours  the 
solution  green,  changing,  on  addition  of  very  dilute  sodium  car- 
bonate, to  blue,  and  afterwards  to  red.  It  reduces  sUver  nitrate, 
but  not  an  alkaline  cupric  solution. 

Methyl-protoc  a  technic  or  Vanillic  acid,  C8H8O4  = 
C6H3(OH)(OCH3).C02H,  is  formed  by  oxidation  of  vanillin  (p. 512), 
when  that  substance,  in  the  moist  state,  is  left  exposed  to  the  air,  and 
by  oxidation  of  coniferin,  CigHjaOg  (see  Glucosides),  with  potassium 
permanganate.  It  crystallises  in  shining  white  needles,  melting  at 
211°-212°;  subUmable;  sparingly  soluble  in  cold  water,  easily  in 
hot  water  and  in  alcohol;  decomposed  by  hydrochloric  acid  at 
150°-160°  into  methyl  chloride  and  protocatechuic  acid.  Its 
calcium  salt  distilled  with  lime  yields  pure  guaiacol  (p.  491). 

An  isomeric  methyl-protocatechuic  acid  is  formed  by  heating 
protocatechuic  acid  with  potassium  hydroxide  and  methyl  iodide, 
also  by  heating  hemipiuic  acid  with  strong  hydrochloric  acid  at  100°. 
It  crystallises  in  slender  needles,  less  soluble  than  the  preceding, 
and  melting  at  251°. 

Dimethyl  - protoca,techuic  or  Veratric  acid,  C9Hjq04  = 
CeH3(OCH3)2.C02H,  is  contained  in  sabadilla  seeds  (from  Vcratrwm 
Sabadilla),  and  is  formed  by  heating  protocatechuic  or  methyl-proto- 
catechuic acid  with  KHO,  methyl  iodide  and  methyl  alcohol  to  140°, 
and  boiling  the  product  with  soda-ley;  also  by  oxidation  of  dimethyl- 
protocatechuic  aldehyde  (p.  512),  methyl-cresol  (p.  408),  and  methyl- 
eugenol  (p.  505),  with  permanganate.  Colourless  needles  melting  at 
179 "5° ;  slightly  soluble  in  cold  water,  more  easily  in  hot  water, 
BtiU  more  in  alcohol.  Heated  to  140°-150°  with  dilute  hydro- 
chloric acid,  it  yields  a  mixture  of  two  monomethyl-protocatechuic 
acids.  Heated  with  lime  or  baryta,  it  is  resolved  into  COj  and 
dimethyl-pyrocatechin. 

In  like  mamier  are  obtained : — Diethyl-protocatechui.c  actrf  (needles, 
m.  p.  149°),  and  Ethyl-iiiethyl-jjrotocatechuic  or  Ethyl-vanillic  acid 
(needles  slightly  soluble  in  hot  water  ;  m.p.  190°). 

Methene-protocatechuic  or  Piperonylic  acid,  C3He04  = 
CH2<q>CbH3-C02H,  is  formed  by  oxidation  of  its  aldehyde 
pipuronal  CgHgOg  (p.  513),  with  permanganate,  and  by  heating 
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i;;'^°'9l«'^"^f'^'\i'^^*^..?  CH,I,.-Colourle.ss  needles, 

m.p.  22b  subhmable  without  decomposition,  insoluble  in  cold 
water  slightly  soluble  m  boiling  water  and  cold  alcohol,  easily  in 
hot  alcohol.  Decomposed  by  heating  to  170°  with  dilute  hycbo- 
chloncacid  into  protocatechuic  acid  and  free  carbon;  by  heatincr 
with  water  to  200^-210°,  into  pyrocatechin,  CO^,  and  carbon 

Mhene-protoccUedmdc^^^^  C.-R^O,,  obtained  hy  heating  proto- 
eatechmc  acid  with  KOH,  C^H.Br^,  and  a  little  water  to  100%  forms 
shining  prisms  melting  at  133-5° 


Acids,  C3H3O,  =  CeH,(CH3)  | 

Orsellinic  Acid  is  formed  by  boiling  orsellic  or  lecanoric  acid 
with  lime-water:  Ci«H,,0,  +  H,0  =  2C3H3O, ;  also  by  boiHng  its 
erythntic  ether  (erythrin  or  erythric  acid/with  water  or  bai'yta 


+    H2O    =    C3H3O,    +  Ci^Hi^O,; 

^•■y'^"^-  Orsellinic  Pic.oerythrin. 

acid. 

Orsellinic  acid  crystallises  in  prisms  easily  soluble  in  water 
coloured  violet  by  ferric  chloride.  It  melts  at  176°,  decomposing 
at  the  same  time  mto  COg  and  orcin,  0^B.^0^  (p.  496). 

y.I^y  Orsellinate,  ■■C,K,(GlI,)m),.GO,.G,-H„  is  obtained  by 
boiling  orsellenic  acid,  or  BocceUa  tinctoria,  with  alcohol  It  crvstal- 
ether""  P^^*^'  ^^'^^  'o^^^^*^     boiling  water,  alcohol,  and 

^jyihritic  Orsellinate,  Erythrin  or  Erythric  acid,  C2oH„0,„ 
=  fs^pi  +  C4H,oO,  (erythrite)-2H20,is  contained  in  Lcce^/a 
fusiformis,  and  extracted  by  boiling  with  milk  of  lime.  It  forms 
crystals  containing  ^H,0,  slightly  soluble  in  hot  water,  coloured 
red  by  ammonia  m  contact  with  air,  and  is  resolved  by  boil- 
ablv^     baryta-water  into  orsellinic  acid  and  picroerythrin  (see 

Picroerythrin,  G.^U.^O^,  forms  crystals  containing  1  mol.  H,0, 
soluble  m  alcohol  and  ether,  and  is  resolved  by  furthe?  boiling  with 
baryta-water  into  erythrite,  orcin,  and  carbon  dioxide  : 

CAO,  +  H2O  =  C.HioO,  +  CjHgO^  -1-  GO,. 

or-'^w^n^^  ^^'^"''^oric,  or  Diorsellinic  acid,  G^^l\fi^  = 
A^gHgO^ -H2O,  occurs  m  several  lichens  belonging  to  tlie  genera 
KocceUa,  Lecanom,  and  Variolaria,  and  is  extracted  liy  digestion 
with  ether  or  witli  milk  of  lime,  and  precipitation  by  hydrochloric 
acid.  It  crystallises  from  alcohol  or  ether  in  colourless  prisms  con- 
taininrr  +  11,0,  nearly  insoluble  in  water.    By  boiling 

•mtn  lime  or  baryta-water  it  is  converted,  first  into  orsellinic  acid 
afterwards  into  CO,  and  orcin.    Its  alcoholic  solution  yields  on 
boihng,  crystaUine  ethyl  orsellinate. 


544 


BENZENE  GROUP  :  MONOBASIC  THrATOMIC  ACIDS. 


The  three  compounds  last  descrihed  may  he  represented  hy  the 
following  structural  formulse : 


C,H,(CH3)<E|h      0<QH«(0H)  C.H,(0H,3 
^CbH2(CH3)<0^jj     0<CoH;(CH3KOH)(C02H)  ^04He(CH3)(0H)(C02H) 
Orsellic  or        ^  Erythrin.  PicroerytMn. 

Diorsellinic  acid. 

Accordino-  to  Stenhouse,*  the  South  African  variety  of  Eoccella 
tindoria  contains  an  acid,  €341132015,  called  /3-orsellic  acid,  closely 
resembling  orsellic  acid  in  properties  and  composition,  and  yielding 
orsellinic  "acid  when  hoiled  with  baryta- water,  together  with 
roccellinin,  CigHigOy,  a  substance  forming  hair-like  crystals  of  a 
silvery  lustre:  C34H32O15  =  SCgHgO^  +  CigHigO^.  Eoccellinin  is 
not  attacked  by  boiling  with  potash  or  baryta.  It  dissolves  m 
ammonia  and  the  fixed  alkalis,  forming  solutions  which  are  not 
colotired  by  exposure  to  the  air. 

The  following  acids  of  unknown  structure  are  also  obtained  from 
lichens : 

Vulpic  acid,  C19H14O5,  occurs  in  Getraria  vuljnna,  from  which 
it  may  be  extracted  by  chloroform  or  lime-water.  It  forms  large 
yellow  prisms,  slightly  soluble  in  water  and  in  ether,  melts  at  110°, 
sublimes  without  decomposition,  and  is  resolved  by  boiling  with 
baryta-water  into  alphatoluic  acid,  methyl  alcohol,  and  oxalic  acid. 

Usnic  acid,  CigH^gOy,  from  lichens  of  the  genera  Usnea  and 
Evernia,  crystallises  in  shining  yellow  laminse,  insoluble  in  water, 
slightly  soluble  in  alcohol  and  ether,  melting  at  195°-197°.  Its 
alkali-salts,  when  exposed  to  the  air,  turn  red  and  afterwards  black. 
A  modification,  called  Beta-usnic  acid,  from  Cladonia  rangiferina, 
melts  at  175°,  and  yields  by  distillation,  beta-orcin  (p.  497). 

Cetraric  acid,  CigH^eOg,  and  Lichenic  acid,  0^112403,  from 
Iceland  moss  {Getraria  islandica),  are  crystalline,  and  easily  soluble 
in  alcohol  and  ether. 

Acids,  Cc,Hio04      C8H7(OH)2.C02H : 

Everninic  Acid  is  formed  from  evernic  acid,  Ci^jH^fij  (a  con- 
stituent of  Evernia  Prunastri),  by  boiling  with  baryta: 
Ci.HieOy  +  H2O  =  C9H10O4  +  C8HSO4. 
It  crystallises  from  hot  water  in  needles,  melts  at  157°,  and  is 
coloured  violet  by  ferric  chloride. 

Umbellic  Acid  is  formed  by  the  action  of  sodium-amalgam  on. 
umbelliferone:  C0H0O3  -I-  H2O  +  =  C9H10O4.  It  crystallises  in 
colourless  needles,  meltmg  at  125°,  slightly  soluble  in  water,  easily 
m  alcohol  and  ether.  With  ferric  chloride  it  produces  a  green 
coloiir,  tiu-ning  red  on  addition  of  sodium  carbonate.  Fused  with- 
potash  it  yields  resorcin. 

*  PliQ.  Traus.  1848,  69  ;  Liebig's  Anualeu,  Ixviii.  59.  . 
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^r.^^?>?'^^'^"'°'''',^«?«^3,  a  compound  analogous  to  comnarin 
fc.i?2h°r™/''        ^""'^  oi  Daphne  Mezereum,  ancll  piXc" 
by  bstillation  of  galbanum,  assafcctida,  and  othei^-esins  onmS 
Werous  plauts.  _  It  ciystalUses  from  hot  water  in  rhombic  prisms 
s  gbtly  soluble  m  cold  water,  easily  in  hot  water  anTiraSol  •' 
Its  aqueous  solution  appears  blue  by  reflected  light.    I?  melts  a£ 
240,  and  sublimes  without  decomposition;  yfelds  resorcin  bv 
fosion  with  potash,  and  is  converted  by  socWamXm  into 
unibellic  acid,  just  as  coumarin  is  convened  into  hyiomnSc 

soluble  m  water,  and  is  coloured  dark-green  by  ferric  ch We  ^ 
mo^oLScSm"^*^™*^''  '''''  *° 

teSsStSt^^M  t^;hSe= 

usToir^Sir  *°  i"""^  ^'^^^^■^^^^     -^^i™  caSate 

aSSds^  B? r^^^<',?^l-''  protocatechuic  and 

acetic  acids.    By  dry  distillation  it  yields  pyrocatechin  Sodium 
amalgam  converts  it  into  hydrocaffeic  acid.  f'ocuum- 

as.atcetida,  and  may  separated  from  the  alcohoHc  extract  of  that  sub- 

pSitat^e  St^'f?^  'T'^'"'  '^-^  decompo^g'he 

fnd  n  ?l  1       ,«^P^"™.  acid.    It  dissolves  easily  in  hot  water 
and  alcohol,  and  crystallises  in  four-sided  needles    Its  anueous 
^ution  IS  coloured  yellow-brown  by  ferric  ch We  ByXskn 
with  potash  It  IS  resolved  into  protocatechuic  and  acefe  acids 
Piperic  Acid, 

C12H10O,  =  H,C<g>C«H3.CH=CH.CH=CH.C0,H. 
The  potassium  salt  of  this  acid  is  obtained  by  boiling  piperine  (a  v ) 
with  alcohohc  potash,  and  separates  in  slicing  prisS  s    The  fiee 
ac  d  crystallises  m  slender  needles  melting  at  216--217°    It  forms 

Stic  Y'^'^r'  ^^^^ '''''^^^'^      f"«ion         potash  into 

Snat;  i '       P™ff  ^technic  acids.    By  oxidation  with  perman- 
.  ganate  solution  it  yields  piperonal  (p.  513). 

0  W  n'^^^^!".";  '"'^t'"''  ''^"'^  ^^iO'^ic'e  on  eugenoi! 

,  wiw'  '  I*  crystallises  in  thin  prisms,  slightly  soluble  in 

So  CO  '""'l  is.  resolved  it  a  higher  temperature 

brown  '  '^^"'^^  dark 

rowNES.— VOL.  n.  „ 
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MONOBASIC  AND  TETRATOMIO  AOIDSi 

Gallic  Acid,  CjReO^  =  GsR2{0^)3-'^^2^— '^'r^oxyhenzoicacU, 
Dioxysalicylic  acid.— This  acid  occurs  in  nut-galls(excresceuces  formed 
on  the  leaves  and  leaf-stalks  of  the  dyer's  oak  {Quercus  infectona), 
also  in  sumach,  hellebore  root,  divi-divi  (the  fruit  of  Cisaljnna, 
coriaria),  in  tea,  in  pomegranate  root,  and  in  many  other  plants. 
It  is  produced  artificially  by  heating  di-iodosalicylic  acid  to  140°- 
150°,  with  excess  of  an  alkaline  carbonate  ;  and  from  bromodioxy- 
benzoic  acid  and  bromoprotocatechuic  acid  (p.  541)  by  fusion  with 
potash  :  hence  its  structure  is  either  1:2:3:4  or  1:2:4:5  (COoH 
ml).  It  is  most  conveniently  prepared  by  boiling  gaUotanic  acid 
with  acids  or  alkalis  :  Ci^HioOg  +         =  ^C^Ufi^. 

Gallic  acid  crystallises,  with  1  mol.  HgO,  m  slender  pnsms  having 
a  silky  lustre  ;  dissolves  in  100  parts  of  cold  and  3  parts  of  boil- 
ino-  water,  easily  in  alcohol;  melts  at  about  200°,  and  splits  up 
at  210°-220°  into  CO2  and  pp'ogallol,  C6H3(OH)3.  The  aqueous 
solution  reduces  the  metals  from  solutions  of  gold  and  silver  salts 
(hence  its  use  in  photography),  and  forms  a  blue-black  precipitate, 
with  ferric  chloride. 

Gallic  acid,  though  monobasic,  contains  3  atoms  of  phenohC' 
hydrogen,  and  can  therefore  form  tetrametallic  salts.    The  gallates 
of  the  alkali-metals  are  permanent  in  the  dry  state  and  in  acid 
solution,  but  in  alkaUne  solution  they  quickly  absorb  oxygen  and. 
tm-n  brown. 

Ethyl  gcdlate,  C6H2(OH)3.C02C2H6,  crystallises  from  water  _m. 
rhombic  prisms  containing  2|  mol.  HgO.  Triacetyl-gallic  acid,] 
C6H2(OC2H30)3.C02H,  formed  by  heating  gallic  acid  with  acetyl; 
chloride  or  acetic  anhydiide,  crystallises  from  alcohol  ia  needles. 
With  bromine  gallic  acid  forms  CyHgBrOj  and  CyH^BraOs,  both  of" 
which  are  crystalline. 

Gallic  acid,  heated  with  4  parts  of  sulphuric  acid  to  140°,  is  con- 
verted into  rufigallic  acid,  CiiHgOg,  a  derivative  of  anthra- 
cene (p.  590). 

Ellagic  acid,  Ci4H80jj,  probably  also  an  anthracene  derivative,, 
is  formed  by  the  action  of  oxidising  agents — as  arsenic  acid,  silver- 
oxide,  iodine  and  water — on  gaUic  acid  ;  also  from  tannic  acid  when 
its  concentrated  aqueous  solution  is  left  for  a  considerable  time  ia 
contact  vrith  the  ah-,  the  ellagic  acid  then  separating,  together  with 
gallic  acid.  It  is  a  constituent  of  bezoar  stones  (intestinal  con- 
cretions of  a  Persian  species  of  goat),  from  which  it  maybe  obtained' 
by  boiling  with  potash  and  precixntating  with  hydrochloric  acid- 
It  separates,  with  1  mol.  HjO,  as  a  crystalline  powder,  insoluble 
in  water,  and  having  an  acid  reaction.  Its  sodium  salt  is  formed  by 
boiling  ethyl  gallate  with  sodium  cai'bonate.  ^ 
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Fig.  18. 


Tannic  Acids  or  Tannins. 
These  substances  constitute  the  astringent  principles  of  plants 
and  are  very  widely  cMused  in  the  vegkble  kingdom.    Most  of 
hem  are  glucosxdes  of  gallic  acid,  being^■esolved  by  bohing  ^th 
dilu  e  acids  into  galbc  acid  and  glucose  ;  others,  instead  of  <?lu™ 
t^TS^'lf ^«.?3(OH3)3  (p.  498).    GaUotannic  acldron  the' 
StalHc  a  glucoside,  but  consists  of 

digailic  acid.  By  fusion  with  potash  most  tannic  acids  are  re- 
solved mto  protocatechuie  acid  and  phloroglucin 

Most  tannic  acids  give  bluish-black  precipitates  with  ferric  salts 
(inks)  ;  some,  however,  as  kino  and  catechu,  and  the  tannins  of 
S'l.p'''^  >  .  tea-plant,  give  greenish  precipitates.  The  tannic 
llfl^'^^^'t^^l^^'^^^^^^o^^  animal  mem- 

nrtTit  .  iT  -''^  ?  manufacture  of  leather.  They  are 
precipitated  from  their  solutions  by  neutral  acetate  of  lead. 

GaUotannic  Acid,   Digallic  Acid  or  Tannin    P  TT  n 

n  uut-gaUs,  especially  m  the  Chinese  variety,  also  in  s^miach  (th{ 
twigs  ot  Ehus  Conana),  in  tea,  and  many  other  plants.    It  mav  be 
fonned  from  gallic  acid  by  heating  with   POOL  to  ^ 
1^0,  and  by  oxidation  with  silver  nitrate  or  dilute 
arsemc  acid.    It  is  most  readily  prepared  bv  exhausting 
finely  pulverised   nut-galls  with  a  mixture  of  alcohol 
and  ether  in  a  percolator  (fig.  18),  having  its  neck 
plugged  with  cotton-wool,  and  its  mouth  loosely  stopped 
with  a  cork.    The  liquid,  which  after  some  time  collects 
in  the  receiver  below,  consists  of  two  distinct  strata  :  the 
lower,  which  is  almost  colourless,  is  a  very  strong  solution 
ot  almost  ppe  tannic  acid  in  water  ;  the  upper  consists  of 
ether,  holding  m  solution  gallic  acid,  colouring  matter.aud 
other  impurities.    The  carefully  separated  heavy  liquid 
IS  lelt  to  evaporate  m  an  exsiccator.    GaUotannic  acid, 
or  tannin,  thus  obtained,  forms  a  slightly  yellowish 
triable  porous  mass,  without  the  slightest  tendency  t J 
crystallisation.    It  is  very  soluble  in  water,  less  so  in 
alcohol,  and  very  slightly  soluble  in  ether.    It  reddens 
aimus,  and  has  a  pure  astringent  taste  without  bitter- 
ness. 

A  strong  solution  of  gallotannic  acid  mixed  with 
mmeral  acids  gives  precipitates  consisting  of  combina- 
tions ot  the  tannic  acid  with  the  mineral  acids ;  these 
comnounds  are  freely  soluble  in  pure  water,  but  nearly 
S  '  u*""']  ^y^"""^'-  G^'illotannic  acid  precipitates  albmnin, 
n-  vegeto-alkalis,  and  several  other  substances  • 

It  lorms  soluble  compounds  with  the  alkalis,  which,  if  excess  of 

dP«frnnfP'''''?i  "^^P^?^  f  ^^'^^  ^"^^  ^^^^o-^e  l^rowa  by 

uestruction  of  the  acid  ;  the  gallotannates  oi  barium,  strontivm  and' 
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calcium  are  sparingly  soluble  ;  those  of  lead  and  antimony  are  in- 
soluble. Ferrous  salts  are  unchanged  by  solution  of  gallotannic 
acid  ;  ferric  salts,  on  the  contrary,  give  with  it  a  deep  bluish-black 
precipitate,  which  is  the  basis  of  writing-ink  :  hence  the  value  of 
an  infusion  of  tmcture  of  nut-galls  as  a  test  for  the  presence  of 
iron. 

Gallotannic  acid  decomposes  at  250°,  Avith  formation  of  pyrogallol. 
By  boHing  with  alkalis  or  dilute  acids  it  is  converted  into  gallic 
acid,  G^fi^f^Og+U^O  =  2GyHfir^:  hence  its  constitution  is  deter- 
mined. By  boiling  Avith  excess  of  acetic  anhydride  it  is  converted 
into  pentacetyl-tannic  acid,  Ci4H5(C2H30)50g,  a  crystalliue  sub- 
stance, meltiag  at  137°. 

The  following  tannins,  which  are  amorphous  bodies,  more  or  less 
resembling  gallotannic  acid,  have  not  been  obtained  in  the  pure 
state. 

Quercitannic  acid,  from  oak-bark,  is  a  yellow-brown  amorphous 
mass,  the  aqueous  solution  of  which  is  coloured  deep  blue  by  ferric 
chloride.  Cinchona-tannic  acid,  occurring  in  cinchona  barks,  partly 
in  combination  with  alkaloids,  gives  a  green  colour  with  ferric  salts. 
Batanhia-tannic  acid  occurs  in  rhatany-root ;  jilitannic  acid  in  fern- 
roots  ;  tormentil-tannic  acid  in  tormentil-root.  These  five  tannins, 
when  boiled  with  dilute  acids,  yield  red  amorphous  bodies  (oak-red, 
cinchona-red,  &c.),  which  partly  also  occur  ready-formed  in  the 
respective  plants,  and  are  resolved  by  fusion  with  potash  into 
protocatechuic  acid  and  j)hlorogluctn.  The  formation  of  these 
red  compounds  appears  to  be  accompanied  by  that  of  sugar. 

Cateclm-tannic  acid  occurs  in  catechu,  an  extract  prepared  from 
several  East  Indian  plants,  viz.,  Areca  Catechu,  Acacia  (Mimosa) 
Catechu,  and  Nauclea  Gambir.  Ferric  salts  colour  it  dingy  green. 
Catechu  also  contains  catechin  or  catechiiic  acid,  CiglligOg, 
which  crystallises  in  needles  containing  SHgO.  Its  aqueous  solu- 
tion is  coloured  green  by  ferric  salts.  Anhydrous  catechin  melts 
at  217°,  decomposing  at  the  same  time  into  COj  and  pyrocatechin. 
By  fusion  with  potash  it  is  resolved  into  protocatechuic  acid  and 
phloroglucin : 

CiaHigOg  -t-  2H2O  =  C,HoO,  +  2CeHe03  +  211^. 

Morintannic  acid  or  Machirin,  occurring  in  fustic  (the  wood  of 
Morus  tinctoria),  is  a  yellow  crystalline  powder,  easilj''  soluble  in 
hot  water  and  in  alcohol,  the  solutions  giving  A\'ith  ferric  chloride 
a  greenish-black  precipitate.  It  yields  pyrocatechin  when  heated, 
phloroglucin  ftnd  protocatechuic  acid  when  fused  with  potash. 

Caffetannic  acid,  from  coffee-berries,  is  a  gummy,  easily  soluble 
mass,  which  gives  a  green  reaction  with  ferric  chloride,  yields 
pyrocatechin  when  heated  alone,  caffeic  acid  545),  when  heated 
with  potash-solution ;  protocatechuic  acid  when  fused  with  potash- . 

Quinic  or  Kinic  Acid,  C.H,20„  =  CoHt(OH)4(C02H),  is  a 
monobasic  pentatomic  acid,  nearly  related  to  the  aromatic  oxy- 
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acids.  It  is  found  m  cinchoua-bark,  and  is  obtained  as  a  bye- 
product  in  the  preparation  of  quinine.  The  extract,  obtained  by 
cbgestmg  the  coinminuted  bark  with  water  or  dilute  sulphuric  acid 
IS  mixed  with  milk  of  lime  to  precipitate  the  alkaloid  :  the  solution 
IS  filtered  and  eyaporated  ;  and  the  calcium  quinate  wlS  re  S 
is  purihed  by  crystallisation,  and  decomposecl  with  oxalic  acid 
oocJi  '""'^        •  transparent  colourless  monocliuic  prisms 

easUy  soluble  m  water,  yery  slightly  soluble  in  alcohol.  It  mefs 
at  Ibi  and  at  a  higher  temperatm-e  is  resolyedinto  hydroquinone 
pyrocatechin  benzoic  acid,  phenol,  and  other  products.  By  oxid  s^ 
ng  agents  (MnO,  and  sulphuric  acid)  it  is  coiiyerted  into  miinoi  e 
together  with  carbomc  and  formic  acids.  By  heating  with  hydi-io  ic 
acid  it  is  converted  into  benzoic  acid  •  .yuiiouic 

C,H,(0H),.C02H  +  2HI  =  C,H,.CO,H  +  4B,0  +  I, ; 
and  by  phosphorus  pentachloride  into  chlorobenzoyl  chloride 
CeH,(0H),.C02H  +  PCI,  =  CeH.Cl.COCl  +  P0,H3  +  3HC1  +  H,0 
By  fusion  with  potash  it  yields  protocatechuic  acid. 

Calcium  qtdnate,  (C,H,iOe)2Ca+10H2O,  forms  large  easily  soluble 
efflorescent  rhombic  prisms. 

TJvie  Acid,  CVHsOj  obtained  by  distillation  of  pyrotartaric 
acid,  forms  shinmg  crystals  melting  at  134°  and  sublimable  ;  con- 
verted into  benzoic  acid  by  fusion  with  potash.  Its  calcium  salt 
(.'^r-tir^S/'s'-^'+oHgO  crystallises  m  needles. 


Aldehydic  acids. 
These  are  acids  containuig  the  group  CHO  as  well  as  CO.OH  in 
place  of  hydrogen,  and  exhibiting  an  aldehydic  as  well  as  an  acid 
character  All  the  known  aldehydic  acids  likewise  contain  the 
group  OH,  and  are  therefore  the  intermediate  aldehydes  of  bibasic 
tnatomic  acids.  They  are  produced,  like  salicylic  aldehyde  (p.  510) 
by  the  action  of  chloroform  on  the  oxy-acids  in  alkaline  solution. 

Aldehydo-oxybenzoic  Acid,  C,B,0^  =  C(,H3(0H)<gg*J^  .  — 

Two  isomeric  acids  of  this  composition  (^^  and  /3  Aldehydosaliciilic 
acids)  are  obtamed  by  boiling  14  parts  of  salicylic  acid,  25  parts 
ot  sodium  hydroxide,  50  parts  of  water,  and  15  of  chloroform,  in  a 
vessel  with  reversed  condenser.  On  diluting  with  water,  acidu- 
lating with  hydrochloric  acid,  agitating  with  ether,  and  tlien  arritat- 
ing  the  concentrated  ethereal  solution  with  acid  sodium  sulijhite  a 
solution  IS  obtained,  from  which,  after  removal  of  the  etiier,  sul- 
phuric acid  separates  the  /3-acid  as  a  crystalline  powder,  while  the 
66-acid,  together  with  a  very  small  quantity  of  the  /3-acid,  remains 
dissolved,  and  may  be  extracted  from  the  solution  by  ether.  A 
third  acid,  y-aldehydoparaoxybenzoic  acid,  is  obtained  in  like 
aidehyde^'^""^  Paraoxybenzoic  acid,  together  with  paraoxybeiizoic 
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«.  (COgH :  OH :  CHO  =  1:2:  3).— Slender  felted  needles,  sublim- 
ahle  when  slowly  heated.  Much  more  soluble  in  water  than  /3. 
Solution  coloured  red  by  ferric  chloride.  Calcium  salt  easily 
soluble  :  distilled  with  calcium  hydrate  gives  salicylic  aldehyde. 

/3.  (CO2H :  OH :  CHO  =  1:2:5).  —  Slender  needles  meltmg  at 
249°,  sublimable  when  slowly  heated.  Nearly  insoluble  m  cold 
water,  sparingly  soluble  in  boiling  water  and  cold  alcohol,  easily  in 
hot  alcohol  and  ether.  Deep  cherry-red  with  ferric  chloride. 
Calcium  salt  very  soluble  ;  distilled  with  CaH202  gives  paraoxy- 
benzaldehyde.  . 

y.  (CO2H  :  OH:  CH0  =  1:  3:  4).— Prismatic  crystals,  meltmg  at 
243°-24'4°,  sublimable.  Slightly  soluble  in  cold,  more  readUy  in 
hot  water,  easily  in  alcohol  and  ether.  Brick-red  with  ferric 
chloride.  Calcium  salt  slightly  soluble  ;  distilled  with  lime  gives 
salicylic  aldehyde. 

Aldehydovanillic  or  Aldehydo-methylprotocatecliuic  Acid, 

CgH805  =  CgH2(0H)(0CH3)<§Q  g,  is  obtained,  together  with 

vanillin  (p.  512)  from  vanillic  acid,  in  the  same  manner  as  the  alde- 
hydoxybenzoic  acids  from  the  oxybenzoic  acids.  Crystallises  inslender 
silky  needles,  melting  at  221°-222°,  slightly  soluble  in  water,  easily 
in  alcohol  and  ether.    Ferric  chloride  colours  the  solution  violet. 

OTTO 

Opianic   Acid,   G,,-H,,0,  =  C,}I,{0CIis)2<:^g^  Aldehydo- 

dimethylprotocatechuic  acid,  is  formed,  together  with  cotamine  and 
hemipinic  acid  (p.  553),  in  the  oxidation  of  narcotine  by  MnO,  and 
sulphuric  acid,  or  with  dilute  nitric  acid.  It  crystallises  in  slender, 
colourless  prisms,  meltuig  at  140°,  slightly  soluble  in  cold  water. 
Heated  with  soda-lime,  it  is  converted  iuto  dimethyl-protocatechuic 
aldehyde,'C6H3(OCH3)2.CHO  (p.  513),  and  when  treated  with  oxidis- 
ing agents,  it  yields  hemipinic  acid. 

Meconin,  C10H10O4,  occurs  ia  opium,  and  is  formed,  together  with 
cotarnine  (see  Alkaloids),  from  narcotine,  by  heating  with  water 
to  100°,  and  from  opianic  acid  by  the  action  of  nascent  hydrogen 
or  of  potash-ley.  Shining  colourless  crystals,  sparingly  soluble  in 
cold,  more  freely  in  hot  water,  melting  at  110°.  Heated  with  acids, 
it  forms  ethereal  compounds,  with  elimination  of  water. 


BIBASIC  AND  DIATOMIC  ACIDS. 

Benzene-dicarbonic  Acids. 
Acids,  C8HA  =  CeH,(C02H)2. 

1.  Phthalic  Acid  (1 :2). — Orthohenzene-dicarbonic  acid  is  formed 
by  the  action  of  nitric  acid  on  naphthalene,  dichloride  of  naphthalene, 
alizarin,  and  purpurin  (the  colouring  matters  of  madder) : 

CjoHg    ^-    Og     =    CsHA  C2H2O4 

Naplitlinlone.  Phtlinlic  acid.  O.xalic  acid. 
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Phthalic  acid.         Oxalic  acid. 

C,,H30,    +    2H,0    +    0,     =    CsH«0,    +  SC^H.O,. 

^"'■Pui-in.  Plithalic  acid.         Oxalic  acid. 

It  is  also  produced  by  oxidising  orthotohnc  acid  with  permanaanate 
solution,  and  is  usually  prepared  by  treating  naphthalene  dichloride 
at  the  boiling  heat  with  nitric  acid.  Chromic  acid  mixture  cannot 
be  used  m  its  preparation,  as  it  is  easily  oxidised  thereby  to  carbonic 
acid. 

Phthalic  acid  crystallises  in  short  prisms  or  laminaa,  slio-htly 
soluble  lu  cold  water,  easily  soluble  in  hot  water,  alcohol,  and 
ether.  It  melts  at  185°,  and  is  resolved  at  a  higher  temperature 
into  water  and  phthalic  anhydride,  CgH^Og.  Heated  ^vith  excess  of 
calcium  hycbate,  it  is  resolved  into  2C0.,  and  benzene,  but  when 
benzoate  ^^^^^'^  "^'^^  ^         ^^^2^2,  it  yields  calcium 

aCgHgO,  +  CaH^Og  =  (G^Hfi,)^Ca  +  2C0,  +  211,0. 

It  forms  both  acid  and  neutral  salts.  Barium  chloride  added  to 
^I/^"t^^°^  °^  ammonium  salt  throws  doAvn  barium  phthalate, 
CgH^O^Ba,  which  is  very  slightly  soluble  in  water. 

Phthalic  acid  is  converted  by  fuming  nitric  acid  into  nitro- 
phthalic  acid,  C8H,(N02)04. 

••^v^i.^n  chloride,  C8H4(C0C1)2,  formed  by  heating  the  acid 
with  PCI5,  is  a  liquid  which  boils  at  270°,  and  is  converted  by  zinc 
and  hydrochloric  acid  into  phthalic  aldehyde,  CgH4(CH0)„ 
which  crystallises  from  hot  water  in  plates,  and  melts  at  65°. 

Phthalic  anhydride,  C6H4<g2>0 ,  obtained  by  heating 
the  acid,  forms  large  needles,  melts  at  128°,  and  boils  at  277°. 

Hydrophthalic  acid,  C8H8O4,  formed  by  the  action  of  sodium- 
amalgam  on  phthalic  acid,  dissolved  in  aqueous  sodium  carbonate, 
crystallises  in  tables  ;  dissolves  easily  in  hot  water  and  alcohol ;  and 
melts  at  about  200°,  decomposmg  at  the  same  time  into  phthalic 
anhydride,  water,  and  hydrogen.  By  the  action  of  strong  sulphiu-ic 
acid,  or  by  oxidation  with  nitric  acid,  chromic  acid,  or  bromine  and 
water,  it  is  converted  into  benzoic  acid.  Tetrahydrophthalic 
acid,  C8Hju04,  is  prepared  by  heating  its  anhydride  with  water,  and 
the  anhydride,  CgHgOj,  is  produced  by  distillation  of  isohydropyro- 
mellitic  acid  (p.  555).  The  anhydride  crystallises  in  lamina!  melting 
at  68°.  The  acid  also  crystallises  in  laminre,  melting  at  90°,  and 
decomposing  at  the  same  time  into  water  and  the  anhydride. 
Hexhydrophthalic  acid,  CgHijO,,,  is  obtained  from  either  of  the 
preceding  by  the  action  of  sodium-amalgam,  or  by  heating  with 
hydriodic  acid  to  230°  ;  it  crystallises  in  prisms  or  laminte,  sparingly 
soluble  in  water,  melting  at  207°. 
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Isophthalic  Acid,  CgH4(C02H)2  (1 : 3),  is  formed  by  oxidation 
of  meta-xylene  or  metatoluic  acid  with  cliroinic  acid  mixtirre,  also 
by  fusing  metasulphobenzoate,  or  raetabromobenzoate,  or  benzoate 
of  potassium  ■wdth  potassium  formate  (in  the  last  two  cases  together 
with  terephthalic  acid),  and  by  the  action  of  heat  on  hydropyro- 
mellitic  and  hydi'oprelmitic  acid  (p.  555).  It  crystallises  in  slender 
needles,  soluble  in  460  parts  of  boiling  and  7800  parts  of  cold  water, 
melts  above  300°,  and  sublimes  in  needles  without  blackening.  Its 
barium  salt  dissolves  easily  in  water,  so  that  the  acid  is  not  pre- 
cipitated by  barium  chloride  from  the  solution  of  its  ammonium 
salt,  a  character  by  which  it  is  distinguished  from  its  two  isomerides. 

Methyl  isophthalate,  CgIl^{C02■CIL^)^,  crystallises  in  needles,  melt- 
ing at  64°-65°  The  ethylic  ether  is  a  colourless  liquid,  borliug  at 
285°,  and  not  solidifying  at  0°. 

Nitrosophthalic  acid,  CoH5(N02)04,  forms  laminee,  melting  at  249°- 
Isophthcdyl  chloride,  0^114(0001)2,  forms  a  radio-crystalline  mass, 
melts  at  41°,  boils  at  276°. 

Terephthalic  Acid,  OoH4(00,H)2  (1 : 4),  is  formed  by  oxidation 
of  various  bodies  belonging  to  the  para-series — as  paraxylene,  para- 
toluic  acid,  cumenol,  and  cymene,  with  chromic  acid  mixture.  It 
is  a  white  powder,  crystalline  if  slowly  deposited  from  solution, 
nearly  insolul)le  in  water,  alcohol,  and  ether ;  sublimes  undecom- 
posed  without  previous  fusion. 

The  terephthalates,  CgH^O^Ca -f- 3H2O  and  08H404Ba-l-4H20,  are 
crystalline,  and  very  sparingly  soluble.  The  methylic  and  ethylic 
ethers  crystallise  in  prisms,  the  former  melting  at  104°,  the  latter 
at  44°. 

Nitroterephthalic  acid  is  crystalline,  and  melts  at  259°.  Hydrotere- 
phthalic  acid,  CgHgO^,  is  a  white  powder,  like  terephthalic  acid. 

2.  Acids,  OaH804  =  OoH3(OH3)(002H)2. 

Uvitic  Acid,  (OOgH :  OH3 :  00,H  =  1 : 3 : 5),  is  produced,  together 
with  mesltylenic  acid,  by  prolonged  boiling  of  mesitylene  with  dilute 
nitric  acid,  and  by  boiling  jjyruvic  acid  (p.  356)  with  barium  hydrate. 
Slender  needles,  melting  at  287°,  sparingly  soluble  in  hot  water, 
easily  ia  alcohol  and  ether ;  converted  by  oxidation  with  chromic 
acid  into  trimesic  acid,  and  resolved  by  distillation  with  lime,  first 
into  CO2  and  metatoluic  acid,  afterwards  into  COg  and  toluene. 

Xylidic  Acid,  (OO2H :  OH3 :  OOgH  =  1:3:4),  is  produced  from 
pseudocumene  (p.  431),  xylic  acid,  and  paraxylic  acid  (p.  529),  by 
prolonged  boiling  with  dilute  nitric  acid.  Indistinct  colom-less 
crystals,  melting  at  280°-283°,  nearly  insoluble  in  cold  water. 

Isoxylidic  acid,  formed  by  fusing  potassium  toluene-disul- 
phonate  with  soilium  formate,  is  very  much  like  xylidic  acid,  but 
melts  at  310°-315°. 

Isoiivitic  acid,  formed  together  with  phloroglucin,  pyrotar- 
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lisShShor?'lM  f '  ^T^'S^         Votash,  crystal- 

useb  111  bliort  thiuk  prisms,  melting  at  about  160°. 

3.  Acids,  CioHioO,. 

Cumidic  acid  C«H,(CH3),(CO,H)2,  formed  from  durene  and 
duryhc  acid  by  prolonged  boiUng  with  dilute  nitric  acid,  crysSli  es 
m  long  transparent  prisms,  and  subUmes  at  a  high  tempeiature 

C  H^rCH  Cirr;'44l?*'T'  CoH,(CH,.CO,H)„  is  formed  from 

^6n^[^n.^i.l).^  (p.441).  Long  needles,  melting  at  244°,  and  subliming. 

BIBASIC   AND   TRIATOMIC  ACIDS. 

toc^S^.T^?r'".^°T  ^,"1'  =  CbH3(0H)(C0,H)„  is  formed, 

togetl  er  with  phenol  and  phenoltricarbonic  acid,  when  basic  sodium 
salicylate  is  heated  to  360°-380°  for  several  hours,  with  frequent 
agitation,  m  a  stream  of  carbon  dioxide.  The  product  is  dissolved 
n«,J  r'"'  f ^^'i.th  hydrochloric  acid,  boiled,  filtered  hot, 
neutrahsed  with  ammonia  and  mixed  with  l^arium  chloride,  whereby 
baruun  phenoltricarbonate  is  precipitated.  The  liquid  filtered  after 
cooling  and  mixed  with  hydrochloric  acid,  dei^osits  a  mixture  of 
phenoldicarbonic  and  salicylic  acids,  from  which  the  latter  may  be 
dissolved  out  by  chloroform.  Phenoldicarbonic  acid  crystallises 
nfTnn°  •1'^''*'''.''^  lo^g  iieedles,  melts  above  270°,  and  sublimes 
SlnKi  '•  \  P''''^'''^  resolution  into  CO^  and  phenol.  Slightly 
soluble  m  water,  easily  m  alcohol  and  ether. 

ofh^^^'ir^^^f  ,■^"'1'.  fV^sO^^C  H2(OH)(OCH3)(CO,H),.-The 
ethyhc  ether  o  thi.s  acid  is  formed  by  the'action  of  chloroform, 
chloral,  carbon  tetrachloride  or  ethyl  trichloracetate  on  ethyl  aceto- 
aceraie  (p.  Jl4j.  Ihe  fi-ee  acid  forms  needles,  sparingly  soluble 
in  cold  water  more  freely  in  hot  water,  easily  in  alcohol  and  ether. 
Ferric  chloride  coloiirs  its  solution  reddish  violet.  The  barium 
salt  CpMgU^Ba+l-tHaO,  heated  with  lime,  yields  metacresol.  By 
cxidation  with  permanganate  or  dilute  nitric  acid,  oxyisouvitic 
acid  IS  converted  into  an  acid  isomeric  with  uvic  acid  (p.  549).  It  is 
insoluble  in  chloroform. 

Hemipinic  Acid,  C%H,„Oo  =  C,B,(OCIl,),.(CO..U)„  formed, 
together  witli  co  amme,  meconin,  and  opianic  acid,  by  oxidation  of 
narcotine,  crystallises  in  large  hydrated  prisms  slightly  soluble  in 
water.  The  dehydrated  acicl  melts  at  180°.  By  heating  with  HI, 
It  IS  resolved  into  CO^,  methyl  iodide,  and  protocatechuic  acid  : 
C'loHioOa  +  2PII  =  CVH„0,  +  2CH3I  +  CO  . 


TRIBASIC  ACIDS. 

Benzenetricarbonic  Acids,  CoH„0(,  =  CoH3(C02H)3 . 

Trimesic  acid  (1 :  3  :  5).— Obtained  by  oxidation  of  mesitylenic 
or  uvitic  acid  with  chromic  acid  mixture  ;  also  by  heating  mellilic 
acid  with  glycerin  in  an  oil-bath  till  the  mass  solidifies  and  begins 
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to  blacken  ;  and,  together  witli  CO2  and  benzene-tetracarbonic  acid, 
by  heating  hydro-  and  isohydroniellitic  acid  with  strong  sulphmic 
acid.  Short  colourless  prisms,  rather  sparingly  soluble  ui  cold  water, 
easiLy  in  hot  water,  in  alcohol,  and  in.  ether ;  melts  above  300°, 
and  sublimes  without  carbonisation.  By  heating  with  excess  of 
lime  it  is  resolved  into  COg  and  benzene.  The  ethylic  ether, 
CgH3(C02C2H5)3,  forms  long  si&y  prisms  melting  at  129°. 

Hemimellitic  acid  (1:2:3),  formed,  together  with  phthalic 
anhydride,  by  heating  hydromellophanic  acid  (p.  555)  with  strong 
sulphuric  acid,  crystallises  in  colourless  needles  somewhat  sparingly 
soluble  in  water.  It  melts  at  about  185°,  and  is  resolved  at  a  higher 
temperature  ruto  phthalic  anhydride  and  benzoic  acid. 

Trimellitic  acid  (1:2:4),  is  produced,  together  with  iso- 
phthalic  acid  and  pyromellitic  anhydride,  by  heating  hydropyromel- 
litic  acid  vnth  strong  sulphuric  acid,  and  abundantly,  together  with 
isophthalic  acid  in  the  oxidation  of  colophony  by  nitric  acid.  It 
forms  nodular  groups  of  indistinct  crystals,  moderately  soluble  in 
water  and  in.  ether  ;  melts  at  218°,  giving  off  water  at  the  same 
time,    and   being   converted   into  the   anhydride,    CgH^Oj  = 

0<gg>C,H,-C02H. 

Phenol -tricarbonic  Acid,  C9H0O7  =  C6H2(OH)(C02H)3 ,  is 
formed,  together  with  phenol-dicarbonic  acid,  by  heating  sodium 
salicylate  in  a  stream  of  carbon  dioxide,  and  separated  as  a  barium 
salt  in  the  manner  a))ove  described  (p.  553).  The  free  acid  crystal- 
lises from  a  hot  concentrated  aqueous  solution  in  thick  prisms, 
containing  IH2O;  from  dilute  solutions  in  needles  vnth.  2H2O. 
Heated  above  180°,  it  is  resolved,  without  previous  fusion,  into  COg, 
phenoldicarbomic  acid,  salicylic  acid,  and  phenol.  The  ethylic 
ether,  €9113(02115)307,  forms  long  needles,  melting  at  84°. 


QUADRIBASIC  ACIDS. 

Benzotetracarbonic  Acids,  CqE.2{C02H.\. 

There  are  tlixee  possible  modifications  of  these  acids,  all  of  which 
have  been  obtained. 

(1.)  Pyromellitic  acid  (1:2:4:5),  is  obtained  as  anhydride, 
CjoHgOB,  by  distillation  of  mellitic  acid,  or  better,  by  heating  sodium 
mellitate  with  sulphuric  acid:  Ci2HBOi2--CioH20e  +  2C02  +  2H20. 
The  anhydride  boiled  -with  water  yields  "the  acid. 

Pyromellitic  acid  crystallises  with  SHgO  in  prisms  slightly  soluble 
in  cold  water,  easily  in  hot  water  and  in  alcohol.  It  melts  at  264°, 
and  is  converted  by  distillation  into  the  anhydride,  C,oHoOo,  M-liich 
forms  large  crystals  melting  at  286°.  The  salts,  CioHgBaoOg  and 
CioHaOajOg,  are  white  insoluble  precipitates.  The  ethylic  etlwr, 
CgH2(C02.C2H5)^,  forms  short  needles  melting  at  53°. 


■MELLITIO  ACID. 
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Hydropyromellitic  and  Isoliijdropyromellitic  acids,  C^^H^^Os  - 
C^;H2(Hj)(C02H)4,  are  formed  simultaneously  by  the  action  of 
sodium-amalgam  on  pyromellitic  acid.  The  former  remains  on 
evaporating  its  ethereal  solution  as  a  very  soluble  mass.  The  latter 
crystallises  with  2H2O,  gives  off  its  water  at  120°,  melts  at  about 
200°,  and  is  resolved  into  water,  COg,  and  tetrahydrophthalic  anhy- 
dride. Both  acids,  when  heated  with  sulphuric  acid,  give  off  CO2 
and  are  converted  into  trimellitic  and  isophthalic  acids. 

(2.)  Isopyromellitic  or  Prehnitic  acid  (1:2: 3: 5),  is  formed, 
together  with  COj,  trimesic  acid  and  mellophanic  acid,  by  heating 
hydro-  and  isohydromellitic  acid  with  strong  sulphuric  acid.  It 
crystallises  in  groups  of  large  prisms  containing  2H2O ;  dissolves 
easily  in  water,  and  is  separated  from  its  concenti-ated  solution  by 
hydrochloric  acid  in  crystals ;  melts  at  238°,  with  formation  of 
anhydride. 

Hydroprehnitic  acid,  prepared  like  hydropyromellitic  acid,  is  a 
gummy  mass,  resolved  by  heating  with  strong  sulphuric  acid  into 
CO2,  prehnitic  acid  and  isophthaHc  acid. 

(3.)  Mellophanic  acid,  produced,  togetherwith  prehnitic  acid, 
forms  small  mdisttnct  anhydrous  crystals  united  in  crusts  ;  melts 
at  215°-238°.  With  sodium-amalgam  it  yields  hydromellophanic 
acid. 


HEXATOMIC  ACID. 

MeUitic  Acid,  Ci2HoO,2  =  CoCCOsH)^.— This  acid,  having  the 
constitution  of  benzene  in  which  aU  the  six  hydrogen-atoms  are 
replaced  by  carboxyl,  occurs  as  aluminium  salt  in  mellite  or  honey- 
stone,  a  mmeral  found  in  beds  of  lignite.  It  is  soluble  in  water  and 
alcohol,  and  crystallises  in  colourless  needles,  melts  when  heated, 
and  is  resolved  by  distiUation  into  CO2,  water,  and  pyromelHtic 
anhydride  ;  by  heating  with  lime,  into  CO2  and  benzene.  It  is  a 
very  stable  acid,  not  being  decomposed  by  sulphuric,  nitric,  or 
hydriodic  acid,  or  by  bromine  ;  even  with  the  aid  of  heat.  MeUitic 
acid  forms  acid  and  neutral  salts  and  ethers,  whose  composition  may 
be  illiLstrated  by  the  following  examples : 


Neutral. 
C,2(NH,)„0„ 

Ci2(CH3),jOj2 

^'12(^2^5)00,2 
Cj2Ba,Oi2 

Ci2(Af2)viOi2 


Ci2H,(NH,)20i2 

C,2H3K30,2 
Ci2H3(C2H5)30j2 


Ammonium  mellitate  yields  by  distillation  para  mid  e  and 
euchroic  acid.  The  former  is  a  white  amorphous  substance,  con- 
taining Cj2H3N30„  {i.e.,  tri-ammonic  mellitate,  C\2H3(NHJ30i2  - 
6H2O),  and  convertible  by  boiling  with  water  uito  acid  ammonium 
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mellitate.  Euchroic  acid,  Ci3H4N208[=Ci2H4(NH4)20i2-4H20], 
forms  colourless  sparingly  soluble  crj^stals.  In  contact  with  zinc 
and  deoxidising  agents  in  general,  it  yields  a  deep  blue  iirsoluble 
substance  called  euchrone. 

Hydromellitic  acid,  C^jHigO^g  =  is  slowly  formed  by 

tlie  action  of  sodium-amalgam  on  ammonium  mellitate.  Colourless 
indistinct  crystals,  easily  soluble  in  water.  Sexbasic.  Changes 
slowly  by  keeping,  quickly,  when  heated  to  180°  with  strong  hydi-o- 
chloric  acid,  into  isohydromellitic  acid,  ^i^S-iiO^^^,  which  crys- 
tallises in  thick,  hard  four-sided  prisms,  dissolves  readily  in  water, 
and  is  precipitated  from  the  solution  by  hydi'ochloric  acid.  Both 
these  acids,  heated  with  strong  sulphuric  acid,  yield  a  mixture  of 
j)rehnitic,  mellophanic,  and  trimesic  acids. 

HydromelH tic  acid  is  an  additive  comjjound,  in  which  the  double 
linking  of  the  alternate  pairs  of  carbon-atoms  in  the  benzene  nucleus 
is  broken  up  by  the  entrance  of  the  additional  hydrogen-atoms : 

CO2H  H   H  CO.,H  H 

I                                  I      V    '  I 
CO3H— G-C=C  -COpH  CO„H— C  C  C— CO.,H 


COoH— C— C=(!)~CO.,H  CO2H— C  C  C— CO.,H 

I  "  I      A        I  " 

CO2H  H    H  CO-jH  H 

Mellitio.  Hydromellitic. 


INDIGO  GROUP. 

Indigo-blue  and  its  immediate  derivatives  form  a  group  of  bodies 
nearly  related  to  the  benzene-group,  as  shown  by  theii'  products  of 
decomposition  (aniline,  ortho-amidobenzoic  acid,  &c.)  ;  but  their 
constitution  cannot  yet  be  regarded  as  precisely  determined,  for 
want  of  sufficiently  definite  modes  of  synthetic  formation. 

Indigo-blue  or  Indigotin,  CoH-NO  or  C,„H,nN,02,  pro- 
N— CoH,— CO-CH  1    10  .  .  ±- 

bably  1 1  1 1     . — Indigo  is  the  product  of  several 

N— CoH,— CO— CH 
species  of  plants  of  the  genus  Tndigofera,  grooving  in  India  and  South 
America,  also  of  Isatis  tinctoria,  Nerium  tinctorium.  Polygonum 
tinctorium,  and  other  plants.  It  does  not  exist  in  these  plants  ready- 
formed,  but  is  produced  by  decomposition  of  a  glucoside,  CjoHgjNOi;, 
called  indican,  which  may  be  extracted  from  them  by  cold  alcohol, 
and  forms  a  brown  bitter  syrup,  easily  soluble  in  water  and  alcohol. 
This  substance,  when  boiled  with  dilute  acids,  or  subjected  to  tlie 
action  of  ferments,  is  resolved  into  indigo-blue  and  iudiglucin, 

C20H31NO1,  +  2H2O  -  CgH^NO  +  3C0H10O0. 


INDIGO-BLUE.  5gy 

A  substance  similar  to  indican  sometimes  occurs  in  urine  and 
gives  rise  by  its  conversion  into  indigo- blue,  to  a  blue  coloration  of 
tiie  liquid  when  lelt  m  contact  with  the  air,  or  treated  with  siilnhuric 
acid.  '■ 

To  obtain  indigo  from  the  plants  which  produce  it,  the  chopped 
leaves  and  twigs  are  macerated  iu  water  for  12  to  15  hoiu's  after 
which  the  liquid  is  poured  off  into  shallow  wooden  vessels  and 
frequently  stii-red,  so  as  to  l)ring  it  as  much  as  possible  into  contact 
with  the  air.  The  indigo  thereby  deposited  is  separated  from  the 
brown  liquid,  boiled  with  water,  and  dried. 

Commercial  indigo  is  a  mixture  of  several  substances,  all  of  which 
except  mdigo-blue,  are  useless  to  the  dyer.  BoiHng  with  dilute' 
acetic  acid  extracts  indigo-gelatin;  dilute  potash-ley  then  extracts 
%ndigo-hroivn;  and  the  residue  yields  to  boiling  alcohol  indiqo-red 
which  remams  on  evaporation  as  a  red  powder,  soluble  in  alcohol 
and  ether.  The  residue  left  after  boiling  with  alcohol  is  nearlv 
pure  indigo-blue. 

Pure  indigo-blue  may  be  obtained  from  the  commercial  pro- 
duct by  cautious  sublimation ;  it  then  rises  as  «  fine  purple 
^apour,  which  condenses  in  dark-blue  needles  having  a  coppery 

The  best  method  of  effecting  the  sublimation,  is  to  mix  1  part  of 
powdered  indigo  with  2  parts  of  plaster  of  Paris,  make  the  whole 
into  a  paste  with  water,  and  spread  it  upon  an  ii-on  plate  This 
when  quite  dry,  is  heated  by  a  spirit-lamp ;  the  volatilisation  of 
the  mdigo  is  aided  by  the  vapour  of  water  disengaged  from  the 
gypsum ;  and  the  surface  of  the  mass  becomes  covered  with  beautiful 
ciystals  of  pure  indigo,  which  may  be  easily  removed  by  a  thin 
take  place      ^  ^^^^^^  temperature,  charring  and  decomp^ition 

The  best  method  of  obtaining  indigo-blue  is  to  reduce  the  crude 
product  to  mdigo-white  by  the  action  of  ferrous  sulphate  or  glucose 
m  alkaline  solution,  and  then  reoxidise  it.  It  is  on  this  pnnciple 
that  the  dyer  prepares  his  mdigo-vat:  5  parts  of  powdered  indigo 
10  parts  of  green  vitriol,  15  parts  of  slaked  lime,  and  60  parts ''of 
water,  are  agitated  together  in  a  close  vessel,  and  then  left  to  stand. 
1  he  ferrous  hydrate,  m  conjunction  with  the  excess  of  lime,  reduces 
the  indigo  to  the  soluble  state  ;  and  a  yellowish  liquid  is  produced, 
from  which  acids  precipitate  indigo-white,  as  a  flocculent  substance 
which  absorbs  oxygen  with  the  greatest  avidity,  and  becomes  blue. 
Cloth,  steeped  m  the  alkaline  liquid,  and  then  exposed  to  the  air, 
acquires  a  deep  and  permanent  blue  tint  by  the  deposition  of  solid 
insoluble  indigo  in  the  substance  of  the  fibre.— Instead  of  the  iron 
salt  and  lime,  a  mixture  of  dilute  caustic  soda  and  grape-sugar  dis- 
solved in  alcohol  may  be  used;  the  sugar  becomes  oxidised  to  formic 
acid,  and  the  indigo  reduced.  On  allowing  such  a  solution  to  remain 
in  contact  with  the  air,  it  absorbs  oxygen,  and  deposits  incUgo-blue 
in  the  crystalline  state. 

Indigo-blue  is  said  to  have  been  obtained  by  treating  liquid 
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nitro-acetophenone  (p.  514)  dissolved  in  chlorform  with  a  mixture 
of  soda-lime,  and  zinc-dust,  according  to  the  equation, 

N0,-C«H,-C0-CH3  )    _  2H,0-0,  ^  ^-^eH^-CO-CH 
N0,-CeH,-C0-CH3 1       ^^^^  li_C,H,-CO-CH 
Nitro-acetoplienone  (2  mols.).  Indigo-blue. 
But  the  quantity  of  indigo-blue  thus  obtained  is  always  very  small, 
and  it  appears  to  be  very  difficult  to  ascertaiu  the  precise  conditions 
under  which  the  transformation  takes  place* 

Indigo-white  or  Hydrindigotin,  Ci6Hj2]sr202,  is  precipitated 
by  hydi-ochloric  acid  fi'om  its  alkaline  solution  (formed  as  above), 
out  of  contact  with  the  air,  as  a  white  crystalline  powder,  dissolving 
with  yellow  coloiu?  in  alcohol,  ether,  and  alkalis.  It  is  converted 
into  indigo-blue  by  exposure  to  the  air,  and  into  indol  by  distil- 
lation with  zinc-dust. 

Indigo-sulphonic  Acids. — "When  indigo  blue  is  heated  for  a 
considerable  time  with  8  to  15  parts  of  strong  sulphuric  acid,  it  dis- 
solves, with  formation  of  a  mono-  and  di-sulphonic  acid. 

Indigo-monosulphonic  acid,  CigHgN202-^03H  {Sul'pliopur- 
phuric  or  Phcenicinsulphonic  acid),  separates,  on  diluting  the  solution 
with  water,  as  a  blue  powder,  soluble  in  pure  water  and  in  alcohol, 
but  insoluble  in  dilute  acids.  Its  salts  are  red  m  the  solid  state, 
but  dissolve  in  water  with  blue  colour. 

Indigo-disulphouic  acid,  CigH8N202(S03H)2  {Sulphindigotk 
or  Sulphindylic  acid),  remains  in  the  filtrate  from  the  monosulphonic 
acid,  and  constitutes  the  sole  product  when  15  parts  of  sulphuric 
acid  a¥e  used  to  dissolve  1  part  of  indigo.  To  separate  the  acid, 
clean  white  wool,  previously  boded  with  solution  of  sodium  car- 
bonate, is  dipped  into  the  liquid,  and  as  soon  as  it  has  acquired  a 
dark  blue  colour,  it  is  taken  out,  washed  with  water,  and  boiled 
with  ammonium  carbonate ;  the  resulting  solution  is  precipitated 
with  lead  acetate,  and  the  precipitate  decomposed  by  hydi-ogen 
sulphide.  In  this  manner  a  colourless  solution  of  hy drindi gotin- 
disulphonic  acid,  Cj5Hi2N202(S03H)2,  is  obtained,  which,  on 
exposure  to  the  air,  is  quickly  converted  by  oxidation  into  the  disid- 
phonic  acid  of  indigo-blue,  which,  on  evaporatuig  the  solution, 
remains  in  the  form  of  a  blue  amorjDhous  mass.  The  salts, 
Ci8H8N202(S03K)2  and  Ci2H8N202(S03]Sra)2,  knowm  in  commerce 
as  indigo-carmine,  are  prepared  on  the  large  scale  by  adding  pot- 
assium acetate  or  sodium  sulphate  to  a  dilute  solution  of  indigo- 
blue  in  sulphuric  acid,  washing  the  blue  precipitate  with  solutions 
of  the  same  salts,  and  pressing  it.  They  form  copper-colom-ed 
masses,  blue  in  the  finely  divided  state,  and  dissolving  with  blue 
colour  in  pure  water. 

*  Emmerling  and  Engler,  Deutsch.  Cliem.  Ges.  Ber.  ix.,1422;  Cliem. 
Spc,  Journal,  1S77,  i.  321.  .. 
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Isatin,  C8H5N02  =  CaH4<^^^^^°^^,  is  obtained  by  oxidising 

indigo  ynth  chromic,  or  better,  with  nitric  acid.  Powdered  indigo  is 
mixed  with  water  to  a  thin  paste,  heated  to  the  boilinrr  point  m  a 
large  capsule,  and  nitric  acid  is  added  by  small  portions  until  the 
blue  colour  disappears;  the  whole  is  then  largely  diluted  with  boil 
mg  water,  and  filtered.  The  impure  isatin  which  separates  on 
cooling  IS  washed  with  water  containing  a  little  ammonia  and 
recrystalhsed.  The  process  requires  careful  management,  or  the 
oxichsing  action  proceeds  too  far,  and  the  product  is  destroyed 

Isatin  forms  deep  yeUowish-red  prismatic  crystals,  sparingly 
soluble  m  cold  water,  fi'eely  in  boiling  water  and  in  alcohol  The 
solution  colom-s  the  skin  yellow,  and  causes  it  to  emit  a  very  dis- 
agreeable odour.  Isatin  when  heated  melts  and  sublimes  with 
partial  decomposition.  It  unites  with  acid  sulphites  of  aliaH-'metal 
lorming  crystalline  compounds.  It  dissolves  in  alltalis,  formin-^ 
■noiet  solutions,  from  which  silver  nitrate  throws  down  a  red  nre- 
cipitate  of  CgH.AgNO^.  On  boiling  these  solutions,  the  isatin  is 
converted  mto  isatic  acid,  and  the  colour  changes  to  yeUow 

Isatin  is  converted  by  nitrous  acid  into  nitrosalicyl'ic  acid 
L>istiiled  with  strong  potash-solution  it  yields  aniline  On  heat- 
mg  It  to  80°,  with  phosphorus  trichloride  and  phosphorus,  dis- 
solving the  product  in  water,  and  leaving  the  solution  exposed  to 
the  au-  ior  twenty-four  hours,  it  deposits  indigo-blue. 

and  5rom^^^^^  derivatives  of  Isatin  (mono-  and  di), 
e.jf.,  OgJi,jCJJNU2,  CgHgUgNOa,  &c.,- are  formed  bypassing  chlorine 
or  bromme  m  o  the  hot  aqueous  solution  of  isatin.  These  compounds 
crystallise  weU,  and  are  converted  l)y  fusion  with  potash  into  sub- 
stituted amlmes ;  e.g., 

CsH.ClNO^  +  4K0H  =  CoH.Cl.NH^  +  2CO3K2  -l-  R,. 

Isatin  boiled  with  ammonia  yields  amido-derivatives,  which  have 
Deen  but  little  examined.  By  reducing  agents  it  is  converted  into 
xsatyde,  CigHjgN.O^. 

Isatinsulphonic  acid,  CsH^NOa.SOgH,  formed  by  oxidation 
'  *'l'?^'^",?°''"^P^o^f^tes(mdi"o-carmine,)  is  very  soluble,  aad  crystallises 
'  with  climculty :  it  forms  derivatives  analogous  to  those  of  isatin. 

Isatyde  or  Hydroisatin,  CgHflNOj,  is  foimed  when  isatin  is 
'  warmed  with  dilute  sulphuric  acid,  or  when  its  warm,  satm'ated, 
>  alcoholic  solution  is  mixed  in  a  closed  flask  with  ammonium  hydro- 
.■  sulphide,  the  liquid  then  gradually  depositing  the  isatyde  in  colour- 
•  less  cry.stalLine  scales.  It  is  tasteless,  insoluble  in  water,  slightly 
fsoluble  in  alcohol.  >    o  y 

_  Thioisatyde,  CifiH,2N2S202,  is  formed  on  passing  hydrogen  sulphide 
into  an  alcoholic  solution  of  isatin,  and  is  precipitated  on  dropiiing 
t  the  filtered  solution  into  water.    It  is  a  greyish-yellow,  pulverulent 
vuncrystalLisable  substance,  which  softens  in  hot  water,  and  dissolves 
In  alcohoL 
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Indin,  CmHiQlSrgOg  (isomeric  or  polymeric  with  indigo-blue),  is 
formed  on  triturating  thioisatyde  with  potassium  hydroxide,  gradu- 
ally adding  alcohol,  and  washing  the  reddened  mass  with  water ; 
also  hy  toiling  a  solution  of  dioxindol  in  glycerin.  It  is  a  crystal- 
line powder  of  a  fine  rose-colour,  insolul^le  in  water,  slightly  soluble 
in  alcohol.  It  dissolves  when  heated  with  alcoholic  potash,  and 
the  solution,  on  cooling,  deposits  potassium-indin,  CjellgKNgOg, 
in  small  black  crystals. 

Isatic  Acid  or  Trioxindol,  CgIl7N03. — The  violet  solution  of 
isatin  in  potash-ley  turns  yellow  when  heated,  and  then  contaius 
potassium  isatate,  CgHgKNOg,  which  is  deposited  on  evaporation  in 
yellow  crystals.  This  salt,  decomposed  with  an  acid,  yields  isatic 
acid  as  a  white  powder,  soluble  in  water,  and  resolved  by  heat  into 
isatin  and  water. 

Hydrindic  Acid  or  Dioxindol,  CgHjNOj,  is  formed  by  the 
action  of  sodium  on  isatin  suspended  in  water  or  dissolved  in  an 
alkali,  isatic  acid  being  fii'st  formed,  and  then  reduced.  It  crystal- 
lises in  yellow  prisms,  is  soluble  in  water  and  iu  alcohol,  and  forms 
crystalline  compounds  both  with  bases  and  with  acids.  It  melts 
at  180°,  and  decomposes  at  195°,  with  formation  of  aniline.  The 
aqueous  solution  turns  red  on  exposure  to  the  air,  from  formation  of 
isatin  :  when  boiled  with  ammonia  it  turns  violet.  Metallic  salts 
added  to  the  solution  throws  down  crystalline  compounds,  such  as 
CgHpAgNOo  and  CgHgPbNOs-hHgO. 

Dioxindol  treated  with  nitrous  acid  in  alcoholic  solution,  is  con- 
verted into  nitroso-dioxindol,  C8Hg(NO)N03,  wliich,  when  heated 
with  nitric  acid  or  silver  oxide,  yields  benzaldehyde. 

Oxindol,  CgHfNO,  is  formed  by  reduction  of  dioxindol  with 
sodium-amalgam  in  acid  solution,  or  with  tin  and  hydrochloric 
acid,  and  crystallises  in  colourless  needles,  easily  soluble  iu  hot 
Abater,  alcohol,  and  ether.  It  melts  at  120°,  and  when  heated  in 
small  quantities,  may  be  sublimed  without  decomposition.  It 
forms  crystallisable  salts,  both  with  acids  and  with  bases.  Its 
aqueous  solution,  evaporated  in  an  open  AJ^essel,  is  partially  oxidised 
to  dioxindol.  Nitrous  acid  converts  it  into  nitrosoxindol, 
C8Hg(N0)N0,  which  crystallises  in  long  golden-yeUow  needles, 
slightly  soluble  in  water. 

Indol,  CgHyN,  is  formed  by  distilling  oxindol  over  heated  zinc- 
dust,  and  by  fusing  orthouitrocinnamic  acid  with  potassium, 
hydroxide  and  iron  filings  (to  abstract  oxygen)  : 

It  is  produced  in  larger  quantity  (about  0-5  per  cent.)  by  digesting 
serum-albumin  or  egg-albumin  wath  pancreatic  juice.  •/ 
Indol  crystallises  from  hot  water  in  large,  shining,  colourless; 
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laminBe,  resembling  benzoic  acid,  and  smellLiig  like  narohthvlarm-np 
It  melts  at  52°,  boUs  with  partial  decompo^sition  Tabou  ™ 
volatilises  m  a  vacuum  without  decomposition,  and  distils  eisilv 
mth  vapour  of  water.  It  is  a  weak  base  its  salts  beingTco  ^osed 
""'^^  ,  ^  «ieal  shaving  moS  ened 

wi  h  hydi-och  one  acid,  deep  cherry-red.  Its  solution^^c  ilated 
witn  hydrochloric  acid  s  coloured  rose-red  by  potassium  n  rite 
The  reddish  coloration  is  likewise  produced  by  several  other  re^ 
agents  Indol  fiised  with  potash  is  converted 'into  aniline  (pro- 
bably thi-ough  the  medium  of  ortho-amidobenzoic  acid).  Ozone 
of  iSlicJo  bhlf   ™  ^"^^^^""^  ""^"^  ^  smaU  quantity 

The°formation  of  aniline  from  indol  and  its  three  hydroxvl- 
denvatives,  by  fusion  with  potash,  and  their  conversion  into 
anthramhc  and  nitrosalicylic  acids  by  regulated .  oxidation  S 

^^i  eH-lfr^'^T*^"^^*^'^f  ^^^^^^^  henzene-nucleus  C,^ t 
directly  Imked  to  carbon  and  to  nitrogen,  and  that  the  OH  groups 
are  SI  uated  m  the  lateral  chains.  They  may  accordingly  be?ep?e- 
sented  by  the  following  formula  :  ^  ^  ^ 


N 


,CHo.CH 


Indol. 


O^ndol.  Dioxindol.  Tiioxlndol. 

'Stl  f  anthranilic  (1 :  2  amidobenzoic)  acid  shows  further 

tuat  the  lateral  chains  m  these  compounds  occupy  contiguous 

tJ^erefore  an  ortho-compound.  An  isomeric  compoimd, 
S  Jf'  u'^'^'^  ^''^'"^  P°"^*  (89°-91°),  and  does  not  yield 
mcligo-blue  when  treated  with  ozone,  is  formed  by  heating  albumin 
with  excess  of  potassium  hydroxide. 


DIPHENYL  GROUP. 

The  compoimds  of  this  group  contain  two  or  more  benzene- 
nuclei,  united  either  directly  or  through  the  medium  of  other  carbon 
groups.  ° 

Hydrocarbons,  CJI^n-u-- 

HC=:CH  HC=:CH 

Diplxenyl,  Ci,Hio  =  CeHfi.Cotl5  or   H(^'     '  \)  G  ^H 

W    J        \       II  ' 
HC— CH  HC— CH 
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-This  hydxocarlDon  is  formed:  (1.)  By  passing  benzene-vapour 
through  a  red-hot  tube  containing  fragments  of  pumice  :  2CcH8  = 
C  H  -1-H  This  is  the  best  method  of  preparmg  it,  the  yield 
amounting  to  about  30  per  cent,  of  the  benzene  used 

(2.)  By  the  action  of  sodium  on  bromobenzene  (phenyl  bromide) 
dissolved  in  ether  or  benzene  : 

2C6HjBr  +  Nag  =  2NaBr  -f-  Cj^Hio  . 

(3  )  By  heating  a  mixture  of  potassium  phenate  and  benzoate 
or  oxalate,  and  in  small  quantity  (together  with  benzene)  by  heating 

benzoic  acid  with  Ume.  <•    i    i,  i:„ 

(4.)  Together  with  other  products,  by  the  action  of  alcoholic 
potash  on'nitrate  of  diazobeuzene  : 

Diazoben-  Alcohol.  Diphenyl.  Aldehyde, 

zeue. 

Diphenyl  appears  also  to  be  one  of  the  constituents  of  crude 
anthracene  (p.  582),  and  passes  over  in  the  distillation  of  that 
substance,  at  about  260°.  _ 

Diphenyl  crystallises  from  alcohol  m  iridescent  nacreous  scales, 
melts  at  about  70-5°,  sublimes  at  a  higher  temperature,  and  boils  at 
254°.  When  dissolved  in  glacial  acetic  acid  it  is  oxidised  by  chromic 
anhydride  to  benzoic  acid.  .  . 

Diphenyl,  subjected  to  the  action  of  halogens,  mtric  acid,  and 
sulphmic  acid,  yields  mono-  and  di-  substitution-deriratives.  in 
the  former,  such  as  Ci,H„Br,  Ci.HgCNO^),  Ci,Ho(S03H),  the  sub- 
stituted radicles  stand  to  the  place  of  junction  of  the  two  benzene- 
nuclei  in  the  para-position.  The  di-derivatives  are  known  in  two 
isomeric  modifications,  the  most  frequent  being  those  m  which  botli 
the  substituted  groups  are  in  the  para-position  relatively  to  the 
poiut  of  jimction: 

'  >Br 


Monohromodiphenyl  Nitro-bromodiphenyl 
(para).  (para-para). 

By  oxidation  with  chromic  anhydride,  the  monosubstituted  diphenyls 
yield  para-derivatives  of  benzoic  acid,  the  group  CgH^Br,  for  example, 
beiii"  oxidised  to  (1 : 4)  bromobenzoic  acid,  while  the  other  group 
(C0H5)  is  broken  up.  The  di-derivatives,  on  the  other  hand,  are 
converted  by  oxidation  into  two  para-derivatives  of  benzoic  acid, 
e.g.,  CeH4(N02).CsH4Br  iuto  i>nitro  and  ^j-bromobenzoic  acid. 

MonocUorodifhenyl,  C12H9CI,  formed  by  the  action  of  PCI5 
on  oxydiphenyl  (CiaHg.OH),  forms  coloiu-less  crystals  melting  at 
75°.    Dichlorodiphenyl,  CigHsCla,  from  benzidine,  melts  at  148  . 

BromoAi'phenyl,  CigHflBr,  forms  laminoe,  melts  at  89°,  boils  at 
310°.    CiaHgBra  forms  prisms  melting  at  164°. 

Gyano diphenyl,  Ci,H(,.CN,  obtained  by  dry  distillation  of  a 
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mixture  of  cliphenyl-monosulphonate  and  cyanide  of  potassium 
forms  hard,  colourless  crystals,  melting  at  84°-85°,  insoluble  in 
water,  easily  soluble  in  alcohol.  Dicyanodiphenyl,  C,.,Ho(CN), 
obtamed  in  like  manner  from  diphenyldisulphonic  acid  forms 
ramified  colourless  needles,  meltiug  at  234°,  sparingly  soluble  in 
cold,  fi-eely  in  boiling  alcohol. 

Nitrodiphenyl,  G^^HgiNO^),  crystallises  in  needles,  melts  at  113° 
boils  at  340  .  _  An  isomeric  compomid  obtained  by  distilling  cal- 
cium meta-nitrobenzoate  with  potassium  phenate,  melts  at  86° 
according  to  Pfankuch,  at  157°,  according  to  Schultz.*  Two  dinitro- 
compoimds,  Ci2H8(N02)2,  are  formed  by  the  action  of  fuming  nitric 
acid  on  dipheuyl ;  the  less  soluble  in  alcohol  of  the  two  melts  at 
213  ,  and  boUs  at  340° ;  the  more  soluble  compound  melts  at  93-5°. 

Amidodiphenyls  are  formed  by  the  reduction  of  the  nitro-com- 
pounds  with  tin  and  hycboehloric  acid.—Xenylamme,  C,„H„(NH„) 
crystallises  from  hot  water  or  alcohol  in  colom-less  laminaj  meltino- 
at  49°.  .  ° 

Benzidine,  CioHgCNHj),,  is  also  produced  by  the  action  of 
sodium  on  monobromaniline,  and  by  molecular  transposition  of 
hydrazobenzene  in  contact  with  acids  (p.  467);  further,  by  heatino' 
azobenzene  with  fuming  hydrochloric  acid  to  115°,  and  by  passinS 
SO2  into  the  alcoholic  solution  of  that  compound:  ° 

il     +   2R,0   +   SO2    =   SO.H^    +     1"  * 

Benzidine  crystallises  in  silvery  laminte,  easily  soluble  in  hot 
water  and  alcohol,  melting  at  118°,  and  subliming  with  partial 
decomposition.  It  is  a  biacid  base.  The  sulphate,  C„H,,N„.SO,H„ 
13  nearly  insoluble  in  water  and  alcohol. 

Diphenylimide  or  Carbazol,  G^^^gN,  is  formed  by  passing  the 
vapour  of  aniline  or  of  diphenylamine  through  a  red-hot  tube: 

^"^^  G,ll,^  ' 

It  occurs  in  coal-tar  oil  (320°-360°),  and  as  a  bye-product  in  the 
manufacture  of  aniline. 

Carbazol  crystallises  in  shining  laminae,  soluble  in  hot  alcohol, 
ether,  and  benzene ;  melts  at  238°,  and  distils  at  354°-355°.    It  dis- 
solves in  strong  sulphuric  acid,  with  yellow  colour,  easily  changed  to 
oxidising  agents.    With  picric  acid,  it  forms  a  compound 
which  crystallises  in  red  needles  melting  at  182°. 

Acridine,  CjjHgN,  isomeric  with  carbazol,  likewise  occurs  in 
coal-tar  oil,  and  may  be  extracted  l)y  sulphuric  acid  from  tlie 
portion  boiling  between  320°  and  360°.    It  forms  rhomlnc  crystals, 

.    *  Liebig'a  Annalen,  clxxiv.  201 ;  Jahresbericlit  fur  Chemie,  1874,  405. 
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easily  soluble  in  alcohol  and  ether,  melts  at  10?;,  sublimes  in  broad 
needles  at  100°,  boHs  at  a  temperature  above  360  .  It  unites  with 
acids  (carbazol  does  not)  forming  salts  which  are  decomposed  by 
boiling  with  a  large  quantity  of  water. 

Diphenylsulphonic  acids,  Ci^Hg  (SO3H)  and  C,,H8(S03H)2,  are 
formed  by  heating  diphenyl  with  strong  sulphuric  acid,  the  foi-mer, 
however,  only  when  a  very  smaU  quantity  of  sulphuric  acid  is  used. 
The  disillpho-acid  crystallises  in  long  dehquescent  pnsms,  melting 
at  72-5°  These  acids  fused  with  potash  yield  the  correspondmg 
phenols,'  Ci2Ha(0H)  and  Ci2H8(OH)2. 

Hydrocarbons,  C13H12: — 

Phenyl-tolyl,  C0H5.CcH4.CH3,  is  formed  by  the  action  of  sodium 
on  a  mixture  of  bromobenzene  and  parabromotoluene  diluted  witti 
ether.  It  is  a  colourless  liquid  of  specific  gravity  1-015  at  2/  ,  boil- 
ing at  263°-267°,  solidifying  in  a  freezing  mixture. 

Diphenylmethane,  C13H12  =  CeH5.CH2.C0H5  (Benzyl-benzene), 
is  obtained  by  heating  a  mixture  of  benzene  (6  parts)  and  benzyl 
chloride  (10  parts)  with  zinc-dust  (3  or  4  parts)  m  a  vessel  with 
reversed  condenser.  Colourless  crystalline  mass  made  up  of  needles, 
and  having  an  odour  of  oranges ;  melts  at  26°-27°,  boils  at  261  - 
262° ;  dissolves  easily  in  alcohol  and  ether.  Passed  through  a  red- 
hot  tube  it  yields  diphenylene-methane,  CjaH.o.  Chiomic  acid 
mixture  oxidises  it  to  diphenyl  ketone,  C0(CeHs)2.  It  dissolves  m 
strong  nitric  acid,  forming  two  dinitro-derivatives. 

Diphenyl-cMoromethane,  C0H5— CHCl— C6H5,  formed  by  the  action 
of  HCl  on  benzhydrol  (p.  569),  is  a  crystalline  mass  melting  at  14  . 

Hydrocarbons,  Cj^Hj^ : — 

C  H  .CH 

Ditolyl,   I  " ,  produced  by  the  action  of  sodium  on  para- 

CgH4.CH3 

bromotoluene,  forms  monoclirdc  crystals,  easily  soluble  in  hot  alco- 
hol, melting  at  121°. 

Dibenzyl,  =  C(.H6.CH2.CH,.CoH5,  formed  by  the  action  of.' 
sodium  on  benzyl  chloride,  and  by  heating  stilbene,  tolane,  benzom, 
deoxybenzoin,  or  toluyleue  hydrate,  \vith  hydriodic  acid,  crystallises  < 
in  large  colourless  j)risms,  melts  at  52°,  boils  at  284°  ;  dissolves  1 
easily  in  hot  alcohol.  Heated  to  500°  it  yields  stilbene  and  toluene:  ; 
2C14H14  =  C14H12  +  SCjHg. 

Diphenyl-ethane,  C^.H,,  =  (CoH5)2CH  -  CH,  is  formed  by  the  : 
action  of  sulphuric  acid  on  a  mixture  of  paraldehyde  and  benzene 
(2C„Ho  +  C2H4O-H2O  =  CyHj,).    Coloui-less  liquid,  boihug  at  ; 
268  -270°,  soUdifying  in  a  freezing  mixture  :  oxidised  by  chromic  . 
acid  mixture  to  benzophenone.  , 

A  mixture  of  2  mol.  benzene  and  1  mol.  chloral  or  bromal  wiin  1 
strong  sulphuric  acid,  yields  in  like  manner,  diphenyltrichlor-  ■ 
ethane,  (CoH5)2CH— CCI3  (colourless  laminss  melting  at  64 ),  or  1 
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,  cliphenyltribromethane  (CgHJaCH— CBPg  (monoclinic  crys- 
tals, m.  p.  89°).  A  mixtiixe  of  benzene  and  diclilorethylic  oxide, 
{CMiGl)20,  similarly  treated,  yields  diphemjl-monochlorethaiie 
i^e^oyfi^ — CHgCl,  as  an  oil  which  decomposes  when  distilled. 
_  Benzyl-toluene,  C„H„  =  CoH5.CH2.CbH,.CH3,  formed  by  pass- 
mg  the  vapours  of  paraphenyl-tolyl  ketone,  CeH5.CO.CBH^(CH3), 
over  heated  zinc-dust,  is  a  colourless  liquid  boiling  at  285°-286° 
not  solidifying  at  -  20°. 

Hydrocarbons,  C^^Hj^q-.— 

Ditolyl-methane,  CaH4<(^-g3_^     — CH  '  ^^J 
action  of  sulphuric  acid  on  a  mixture  of  methylal,  CH2(OCH3)2 
(p.  168),  toluene,  and  glacial  acetic  acid,  is  a  liquid  not  solidifying 
at  7  1^°'  t»oiling  at  290°.— Cj^H^Brg,  forms  long  needles  melting  at 
115°.— Ci5Hi4(N02)2,  forms  colourless  crystals  melting  at  164°. 

Dibenzyl-metliane,  CeH5.CH2.CH2.C6H5,  from  dibenzyl  ketone 
by  heating  with  HI  and  phosphorus,  is  a  non-solidifiable  liquid, 
boiling  at  290-300°. 

Benzyl-ethyl- benzene,  CgH5.CH2.C8H4.C2H5,  from  benzyl  chloride 
and  benzene,  is  a  colourless  liquid  boiling  at  294°-295°. 

Ethyl-benzene-toluene   or   Phenyltolyl- ethane, 
CHj.CH^Q^jj^"     ^,  formed  by  heating  bromethyl-benzene  (p.  441) 
and  toluene  with  zinc-dust,  is  a  liquid  boiling  at  278°-280°. 

Hydrocarbons,  CjgHjg : — 

Ditolylethane,  CH3— CHCCgH^.CHg),,  obtained,  like  diphenyl- 
ethane,  from  paraldehyde,  toluene,  and  sulphuric  acid,  is  a  liquid, 
boiling  at  296°-298°,  not  solidifying  at  -  20°. 

Sunilarly,  by  the  use  of  chloral  instead  of  paraldehyde,  is  obtained 
CCI3— CH(CeH4.CH3)2,  in  crystals  melting  at  89°;  and  with  dichlor- 
ethylic  oxide,  CH2CI— CH(CoH4.CH3). 

C0H5.CH.CH3 

Diphenyldimethylethane,         |  ,  obtained  by  the  action 

CeH5.CH.CH3 

of  soduim  on  secondary  phenyl-ethyl  chloride,  C(,H5.CHC1.CH3 
(p.  503)  forms  needles  melting  at  123-5°. 


Diphenylene-methane  or  Fluorene,  Ci3Hio=  |  "  ""^CHj,  is 

C^H^ 

formed  by  heating  diphenylene  ketone  with  zinc-dust  or  with 
hydriodic  acid  and  amorphous  phosphorus  to  160°,  also  by  passing 
the  vapour  of  diphenyl-methane  through  a  red-hot  tulje.  It  is 
contained  in  the  portion  of  coal-tar  oil  boiling  at  300°-305°. 
It  crystalhses  from  hot  alcohol  in  colourless  lamina;,  exliibit- 
uig  a  beautiful  violet  fluorescence;   melts  at   112°-113°,  boils 
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at  305° ;  unites  with  picric  acid,  forming  a  compound  wliich  crystal- 
lises in  red  needles  melting  at  80°-82°.  By  oxidation  with  chromic 
acid  mixtiu'e  it  yields  diphenylene-ketone,  00(0^^11—0^11^). 

Diphenyl-benzene,  0is^ji  =  CQRi(0gH.^)2,  is  formed  hythe  action 
of  sodiiun  on  a  mixture  of  In-omobenzene  and  paradiljromobenzene, 
and,  together  with  an  isomeric  compound,  by  passing  a  mixture  of 
diphenyl  and  benzene  through  red-hot  tubes  ;  hence  these  two 
isomeric  compounds  are  obtained,  as  secondary  products,  in  the 
preparation  of  diphenyl.— Diphenylbenzene  forms  groups  of  needles 
slightly  soluble  in  hot  alcohol  and  ether,  melting  at  205°,  subhming 
easily  and  boiling  at  400°.  By  chromic  anhydride  and  glacial  acetic 
acid  it  is  oxidised  to  diphenylcarbonic,  and  afterwards  to  tere- 
phthalic  acid. — Isodijohenyl-benzene  melts  at  85°,  and  boils  at  about 
a60°. 

Triphenyl-methane,  Ci9Hi6  =  CoH5— CH(CoH5)2,  is  formed  by 
heating  benzal  chloride  to  150°  with  merctiry-diphenyl : 

CflH,.CHCl,  +  {OeR,),Ilg  =  HgCl^  +  CeH-CH(CeH,)2; 

also  by  heating  benzhydrol  (p.569)  with  benzene  and  phosphoric 
anhydride  to  140°: 

(CoH5)2CH.OH  +  CflHo      iO,n,\G}l{C,-E,),  +  H^O. 

Shining  laminte,  melting  at  92°,  boiling  at  about  360°.  By  bromine 
and  water  it  is  converted  into  triphenyl  carbinol,  which  melts  at 
157°. 

Tolyl-diplienyl-methane,  CgoHig  =  (CeH5)2CH — CgH^— CH3, 
prepared,  like  the  preceding,  from  benzhydrol  and  toluene,  is  a 
colourless  Liquid  of  high  boilriig  point. 


Triphenyl-benzene,  Cg^Hig  =  CoH3(CoB[5)3,  obtained  by  heating 
acetophenone  (p.  514)  with  phosphoric  anhydride,  forms  large 
rhombic  crystals,  melts  at  169°,  boils  above  360°,  dissolves  easily 
in  alcohol  and  in  benzene. 

Tetraphenyl-ethane,  CaoHja  =  (CrH5)2CH — CH(C6H,)2,  obtained 
by  the  action  of  zinc  on  a  solution  of  benzhydrol,  CgH5.CHOH.CgH3, 
mixed  with  fuming  hydrochloric  acid,  forms  'large  prisms  melting 
at  209°. 


Ethene- derivatives. 

Diphenyl-etlierLe,  C14H12. — Of  this  hydi'ocarbon  there  are  two 
modifications,  symmetrical  and  unsymmetrical. 

1.  SHlbene  or  Toluylene,  CflH^— CH=CH— CgHg,  is 
formed  in  a  variety  of  reactions,  especially  by  dry  distillation  of 
benzyl  siilphide  or  disuljihide  (p.  562);  by  the  action  of  sodium  on 
benzaldehyde  or  benzal  chloride  ;  and  by  passing  the  vapour  of 
dibenzyl  or  of  toluene  over  heated  lead  oxide.  It  is  most  eiisily 
obtained  fi-om  benzyl  sulphide. 
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Stilbene  crystallises  in  large  laminaB,  dissolves  easily  in  hot 
alcohol,  melts  at  125°,  distils  at  306°-307°.  By  heating  with 
hydriodic  add  it  is  converted  into  dibenzyl ;  by  oxidation  with 
chromic  acid  mixture  into  beuzaldehyde  and  benzoic  acid.  It 
unites  with  bromine,  ibrming  C^^HigBrg  (crystals,  melting  at  230°), 
which  is  also  produced  by  the  action  of  bromine,  without  cooling, 
on  dibenzyl.  By  alcoholic  potash  this  bromide  is  converted  into 
bromostQbene,  CigHj^Br  (crystals,  m.  p.  25°),  and  tolane. 

2.  Isostilbene,  CIi;f=C{GQH.^)2,  unsymmetric  cliphenylethene,  ob- 
tained by  boiling  diphenyl-monochlorethane  (p.  565)  with  alcoholic 
potash,  is  a  colomiess  non-solidifying  oil,  which  boils  at  277°,  and  is 
converted  by  oxidation  into  diphenyl-ketone. 

Tetraphenyl-ethene,  0^^1120  =  (0^^.5)2^=0(0^11^)2,  obtained  by 
the  action  of  huely  divided  silver  on  benzophenone  chloride,  and, 
together  with  diphenyl-methane,  and  other  hydrocarbons  by  heating, 
benzophenone  with  zinc-dust,  is  a  white  crystalline  powder, 
melting  at  221°,  sparingly  soluble  in  alcohol  and  ether,  easily  in 
benzene. 


Tolane,  Ci^Hio  =  CgHj — C=C— CeHg,  Diphenyl-acetylene,  ob- 
tained by  boiling  stilbene  bromide  with  alcoholic  potash,  forms  large 
crystals,  melting  at  60°,  easily  soluble  in  alcohol  and  ether.  It 
forms  two  dibromides,  CijHjoBrg  (m.  p.  64°  and  200°-205°),  easily 
convertible  one  into  the  other ;  and  two  dichlorides  (m.  p. 
63°  and  153°). 


Phenols. 

Oxydiphenyl  or  Diphenylol,  CigHg.OH  =  O^JIr, — CgH^.OH, 
is  formed  by  fusing  the  potassium  salt  of  diphenylsiilphonic  acid, 
Ci2Hg.S03H,  with  potassium  hydroxide,  and  by  the  action  of 
potassium  nitrite  on  amidodiphenyl  sulphate.  Colourless  monoclinic 
crystals  ;  melts  at  164°-165°,  boils  at  305°-308° ;  ■  volatilises  with 
vapour  of  water  ;  dissolves  easily  in  alcohol,  ether,  and  alkalis ;  and 
with  fine  green  colour  in  strong  sulphuric  acid. 

Dioxydiphenyl  or  Diphenol,  0^2^^(011)2  =  GoH:^(0'H.).CoB:^(Oll) 
is  formed  by  the  action  of  melting  potash  on  potassium  diphenyl- 
parasulphonate  ;  also  from  benzidine  by  the  diazo-reaction ;  and  by 
fusing  potassium  paraphenol-sulphonate  with  alkalis.  Colourless 
rhombic  crystals,  melting  at  156°-168°.  An  isomeric  compound, 
which  crystallises  from  alcohol  in  shining  needles  melting  at  269°- 
270°,  is  formed  by  the  action  of  melting  potash  on  potassium 
diphenyl-diaulphonate. 

Diphenylene  Oxide,  Ci2H80=  |  yO,  formed  by  heating 
phenyl  phosphate  with  lime,  or  more  readily  by  heating  phenol 
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with  lead  oxide,  crystallises  in  lamiiiEe,  melts  at  81°,  and  boils  at 
273°. 

Hexoxydiphenyl,  CijHioOc  =  Ci2H^(OH)8,  is  formed  from  its 
tetrametliylic  ether  (hydrocoerulignone)  by  the  action  of  strong 
hydrochloric  or  hydriodac  acid : 

Ci2H^(OH)2(OCH3)4  +  4HC1  =  4CH3CI  +  Ci2H,(0H)e. 

It  crystallises  from  water  in  silvery  laminaa ;  dissolves  in  potash- 
ley  with  fine  blue-violet  colour ;  is  converted  by  acetyl  chloride 
iato  a  hexacetyl  compound  ;  and  reduced  by  heating  with  zinc-dust 
to  diphenyl. 

Hydrocoerulignone,    C^jH^  |  ^qq^^^*  ?  is  formed  from  coeru- 

lignone  by  the  action  of  tin  and  hydrochloric  acid.  It  crystallises 
from  alcohol  in  colourless  laminae,  melts  at  190°,  and  distils  almost 
without  decomposition.  It  is  a  diatomic  phenol,  and  is  resolved  by 
HCl  or  HI  into  CH3OI  and  hexoxydiphenyl. 

Coerulignone,  CieH^eOg  =  CgH^  |  |q^^^-j^*  ,  separates  as  a  violet 

powder  in  the  industrial  purification  of  crude  wood-vinegar  by 
means  of  potassium  dicliromate,  and  is  obtained  by  the  same  means 
from  the  fraction  of  beech-tar  boiling  at  270°.  It  is  insoluble  iu 
most  solvents,  but  dissolves  in  strong  sulphuric  acid  with  a  fine 
corn-flower  blue  colour,  changing  for  a  while  to  red  on  addition  of 
a  large  quantity  of  water ;  also  in  phenol,  from  which  it  is  pre- 
cipitated by  alcohol  and  ether  in  slender  steel-blue  needles.  By 
reduction  with  tin  and  hydi'ochloric  acid,  it  is  converted  iuto  colom- 
less  hydrocoerulignone,  CigHigOg,  which  is  reconverted  into  cojru- 
lignone  by  oxidation,  the  two  bodies  being  indeed  related  to  one 
another  in  the  same  manner  as  quinone  and  hydroqiunone. 

Dithymoxyl-trichlorethane,*  CCI3— CH(CioHi20H)2,  is 
formed  when  sulphuric  acid  diluted  with  J  vol.  of  glacial  acetic 
acid  is  added  to  a  cooled  mixture  of  1  mol.  chloral  and  2  mol. 
thymol : 

CCI3— CHO  +  2C10H13OH  =  H2O  +  CCI3— CH(CioHi20H)2. 

A  white  precipitate  is  then  formed,  the  alcoholic  solution  of  which 
yields  the  compound  in  white  monocUnic  crystals. 

Dithymoxyl-trichlorethane  is  a  diatomic  phenol,  and  when 
treated  with  C2H3OCI  or  C7H;;0C1,  exchanges  its  two  phenolic 
hydi'ogens  for  acetyl  or  benzoyl.    By  strong  oxidising  agents  it  is 

*  This  compound,  and  those  which  follow  it,  were  discovered  by  Dr.  B. 
Jii^er  (Dcutsch.  Chem.  Ges.Ber.  1874,  1197;  Chem.  Soc.  Jour.  1877,  262),  who 
designates  them,  not  as  thymoxyl-conipounds,  but  as  thymyl-compounds  ; 
but  the  name  "  dithymylethaue  "  belongs  properly,  not  to  a  phenol,  but  to  the 
hydrocarbon  C.^jHgo  =  CH.,— CH{CioHi3)„,  homologous  with  diphenyl-ethane 
and  ditolyl-ethane  ;  and  so  of  the  rest. 
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converted  into  thymoquinone.  Heated  with  zinc-dust,  it  exchanges 
its  chlorine  for  hydi-ogen,  forming  dithymoxylethane,  CgpHgoO,, 
part  ot  which  is  converted,  by  loss  of  Hg,  into  dithymoxylethene, 

^22  "^28  ^2* 

Dithymoxylethane,  CH3— CH(CioHi20H)„  crystallises  in 
rounded  plates,  melting  at  180°,  soluble  in  most  of  the  usual  sol- 
vents, except  water. 

Dithymoxylethene,  CH2=C(CioHi2  0H)2,  forms  needle- 
shaped  crystals,  melting  at  170°-171°,  insoluble  in  water,  rather 
more  soluble  than  the  preceding  iu  other  solvents.  Treated  with 
weak  oxidising  agents,  as  with  potassium  ferrocyanide  in  dilute 
alcoholic  solution,  it  forms  green  crystals,  C^JI^fi^,  melting  at 
214°-215°,  soluble  in  toluene  and  in  chloroform;  but  if  the  solution 
be  previously  rendered  alkaline,  a  red  precipitate  is  formed,  which 
dissolves  in  chloroform  and  separates  therefrom  in  red  crystals 
melting  at  215°,  and  having  the  composition  G^^'S.oqO^.  ' 

A  mixture  of  dithymoxylethene  and  the  red  crystals  dissolved  in 
chloroform  deposits,  on  evaporation,  the  above-described  careen 
needles  :  C^-^R^^O^  +  C22H2BO2  =  C4iH5,Oi.  Hence  it  appears  that 
dithymoxylethene  and  the  two  products  of  its  oxidation  are  related 
to  one  another  in  the  same  manner  as  hydroquinone,  quinhydrone, 
and  quinone,  thus : 

Dithymoxylethene.  Dithymosyl-quinhydronethene.  Ditliymoxyl- 

quinonetheiie. 


Alcohols. 

Benzliydrol,  C13H12O  =  C0H5— CH(OH)— CcH^,  is  obtained  by 
the  action  oi  sodium-amalgam  on  a  solution  of  benzophenone  in 
dilute  alcohol.  It  crystallises  in  needles,  melts  at  68°,  and  boils  at 
298°,  with  partial  decomposition  into  water  and  benzhvdrolic 
ether,  [(CeH,)2CH]20. 

Toluylene  Hydrate  or  Stilbene  Hydrate,  Ci4Hi^0  = 
CflH,.CH2.CH(OH).CgH5,  is  formed  by  the  action  of  sodium- 
amalgam  on  deoxybenzoin,  C14H12O  (p.  571),  and  by  heating  deoxy- 
benzoin  or  hydrobenzoia  with  alcoholic  potash.  Long,  slender, 
brittle  needles,  having  a  vitreous  lustre  melting  at  62° ;  insoluble 
in  water,  easily  soluble  in  alcohol  and  ether.  Eesolved  by  boiling 
with  dilute  sulphuric  acid  into  stilbene  and  water;  oxidised  by 
nitric  acid  to  deoxybenzoin;  reduced  by  HI  to  dibenzyl.  With 
acetyl  chloride,  it  forms  toluylene  acetate,  Ci4Hi3.0.C2H30, 
which  is  a  viscid  liquid. 

Dimethyl-benzliydrol,  CigHioO  =  CHOH(C„H4.CH3)2,  obtained 
by  the  action  of  sotlium-amalgam  on  ditolylketone  in  alcoholic 
solution  forms  slender  needles  melting  at  69°. 


570 


DIPHENTL  GBODP. 


Triphenyl-car-binol,  CigHieO  =  (CoH,)3C(OH),  from  triphenyl- 
methane  by  oxidation  with  chi-omic  acid  mixture,  forms  monoclinic 
crystals,  melts  at  157°,  boils  without  decomposition  above  360°. 
Its  solution  in  benzene  heated  with  PgOg  yields  triphenyl-methane 
and  dibenzyl, 

Tolylene  Glycols,  C14H14O2.— Two  diatomic  alcohols  of  this 
composition,  called  Hydrobenzoin  and  Isohydrobenz  oin,  are 
formed  by  the  action  of  zinc  and  hydrochloric  acid  on  benzal- 
dehyde;  also  by  that  of  sodium-amalgam  on  the  same  compound 
in  alcoholic  solution.  By  oxidation  with  chromic  acid  mixture 
both  of  them  are  converted  into  benzaldehyde  and  benzoic  acid : 
consecxuently  they  must  be  represented  by  the  formulte : 

CeH5.CH.OH  C,Tlfi{OR), 

I  and  I 

CeH5.CH.OH  CgHj-CHa 

Now  one  of  them  (hydrobenzoin)  is  the  sole  product  of  the  action 
of  sodium-amalgam  on  benzil,  OcHg— CO— CO— CoHg :  this,  there- 
fore, must  be  represented  by  the  left  hand  or  symmetrical  formula ; 
and  isohydrobenzoin,  if  not  a  mere  physical  modification,  by  the 
unsymmetrical  formula.  By  the  action  of  PBrg,  both  compounds 
are  converted  into  tolylene  dibromide,  CyHgBrj. 

Hydrobenzoin  is  sparingly  soluble  in  water,  easily  ia  alcohol, 
and  crystallises  in  large  rhombic  plates,  melting  at  132-5°,  and  sub- 
liming vrithout  decomposition.  By  heating  with  strong  nitric  acid 
it  is  converted  into  benzoin.  Its  acetylic  ether,  C^Jl^{OC2S.oiO)2, 
forms  large  prisms  melting  at  133°-134°. 

Isohydrobenzoin  crystallises  from  water  in  long,  shining, 
four-sided  hydrated  prisms,  which  effioresce  on  exposure  to  the  air  ; 
from  alcohol  in  anhydrous  monoclinic  prisms.  It  melts  at  119'5°, 
is  more  soluble  in  alcohol  then  hydrobenzoin ;  is  not  converted  into 
benzoin  by  nitric  acid. 

C  H 

Fluorenyl  Alcohol,  Ci3Hi^0=  1"  ''>CH.OH,  produced  by 

the  action  of  sodium-amalgam  on  an  alcoholic  solution  of  diphenyl- 
ene  ketone,  forms  colourless  hexagonal  laminse,  melting  at  153°. 


Ke  tones. 

Diphenyl  Ketone  or  Benzophenone,  CgHs.CO.CnH^,,  is 
formed  by  oxidation  of  diphenyl-methane  and  diphenyl-ethane 
(p.  564)  with  chi-omic  acid  mixtui-e ;  by  heating  mercury-diphenyl 
(p.  459)  with  benzoyl  chloride ;  and  most  readily  (together  vdth 
benzene)  by  distillation  of  calcium  benzoate.  It  usually  crystallises 
in  large  rhombic  prisms  melting  at  48°-49°,  sometimes  also  in 
rhombohedrons  melting  at  27°  ;  the  latter  modification  is  converted 
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on  standing  into  the  former.  It  has  an  aromatic  odour,  boils  at 
295°,  dissolves  easily  in  alcohol.  Treated  with  PCI,,  it  is  converted 
into  benzophenouic  chloride,  (CoH5)2CCl2,  a  liquid  iDoiling  at  about 
300°.    Sodium  amalgam  converts  it  into  benzhydrol  (p.  569). 

.  Phenyl-tolyl  Ketone,  Ci,Hi.p  =  C„H5.CO.C„H,(CH3), is  obtained 
m  two  modifications  by  oxidation  of  benzyl-toluene  ;  by  heatin"  a 
mixture  of  benzoic  acid  and  toluene  with  PjOg ;  by  heating  a  mixture 
of  calcium  benzoate  and  paratoluate ;  and  by  heating  benzyl  chloride 
and  toluene  with  zinc-dust.  The  2»-compound  (para)  exists  in  two 
dimorphous  modifications — one,  hexagonal,  melting  at  55°;  the  other, 
monoclinic,  meltiag  at  59°-60°.  Boiling  point,  310°-3i2°.  Heated 
with  soda-Hme  it  yields  benzene  and  paratoluic  acid.  The  /3-com- 
pound,  which  is  liquid,  has  not  been  obtained  pure.  By  distillation 
■with  zinc-dust,  it  yields  anthracene ;  with  lead  oxide,  anthra- 
quinone  :  the  a-compound  does  not  yield  these  products. 

Ditolyl  Ketone,  CO(C6H4.CH3)2,  forms  rhombic  crystals  melt- 
ing at  95°. 

Diben2yl  Ketone,  CO(CH2.C6H6)2,  obtained  by  distillation  of 
calcium  a-toluate,  forms  colourless  crystals,  m.  p.  30°,  b.  p.  320°-321°; 
yields  by  oxidation  benzoic  and  carbonic  acids. 

C  H 

Diphenylene  Ketone,  CjsHgO  =  CO<f  |  °  *  ,    obtained  by 

heating  diphenic  acid  or  phenyl-benzoic  acid  (p.  572)  mth  lime,  also 
by  oxidising  fluorene  with  chromic  acid  mixture,  forms  large  yellow 
rhombic  CTystals,  melts  at  84°,  boils  at  336°-338°;  is  converted  by 
reducing  agents  into  fluorene,  by  fusion  with  potash  into  phenyl- 
benzoic  acid. 

Benzoin,  C„Hi202=  C,H5.CO,CH(OH).CoH5,  formed  by  heating 
hydrobenzom  with  nitric  acid  (specific  gravity  1-4),  and  by  mixing 
bitter  almond  oil  with  a  concentrated  alcoholic  solution  of  potas- 
sium cyanide,  crystallises  in  shining  prisms  melting  at  133°-134° ; 
dissolves  sparingly  in  water  and  in  cold  alcohol  or  ether,  freely  in 
hot  alcohol.  Converted  by  chromic  acid  mixtiu'e  into  benzaldehyde 
and  benzoic  acid  ;  by  heating  with  fuming  hydriodic  acid  into 
dibenzyl ;  by  heating  with  alcoholic  potash,  into  hycbobenzoin  and 
benzile,  together  with  benzylic  acid,  benzoic  acid,  and  other  pro- 
ducts : 

2ChH,202    =.    C„Hi,02    +  Ci,Hio02. 

Benzoin.  Jlydrobenzoln.  Bcnzlle. 

With  acetyl  chloride  it  yields  acetyl-benzoin,  Cj^Hn (021X30)02, 
which  forms  crystals  melting  at  75°. 

Deoxybenzoin  or  Phenyl-benzyl  Ketone,  C,,,E,20  = 
Cf.Hf,.C0.CH2(CflHf,),  is  formed  l)y  the  action  of  zinc  and  hydro- 
chloric acid  on  benzoin  and  chlorobenzile  (p.  572)  ;  by  heating  mono- 
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bromostnbene  with  water  to  ISO^-IQO",  and  by  distiUation  of  a 
mixture  of  benzoate  and  a-toluate  of  calcium  : 
C<,H,.CO.OH  +  C„H,.CH,.CO.OH  =  00^+  H,0  +  C.H^.CO.CHaCeH, . 

It  crystallises  from  alcohol  in  large  plates  melting  at  55° ;  sublimes 
without  decomposition;  is  concerted  by  sodium-amalgam  into 
toluylene  hydi-ate  (p.  569),  by  PCI5  into  monochlorotoluylene,  and 
by  heating  with  hydriodic  acid  into  benzile. 

Benzile,  Ci^HjoOa  =  CeHsCO.CO.CgHs  (Dihenzoyl),  is  formed  by 
oxidation  of  benzoin  with  nitric  acid  or  chlorine ;  and,  together 
with  stilbene,  by  heating  stilbene  bromide  with  water  and  silver 
oxide.  It  crystallises  in  large  six-sided  prisms,  melting  at  90°, 
insoluble  in  water,  soluble  in  alcohol  and  ether.  By  oxidation 
with  chromic  acid  mixtiire,  it  is  converted  into  benzoic  acid ;  by 
nascent  hydrogen  (zinc  and  HCl,  or  iron  filings  and  acetic  acid)  into 
benzoin  ;  by  heating  with  PClg  into  benzile  chloride,  Ci4H^oCl20 
or  Cp,Hs.CCl2.CO.C5H5,  which  crystallises  in  rhombic  prisms  melting 
at  71°,  and  is  converted  by  zinc  and  HCl  into  deoxybenzoin.  Ben- 
zile and  its  chloride,  heated  to  200°  with  PCI5  yield  tolane  tetra- 
chloride^ C^4HjoCl4. 


Acids. 

Diphenylcarbonic  Acid,  Ci3Hio02=C6H5.C6H4.C02H  (1 :  4),  is 
produced  by  heating  cyanodiphenyl,  Cji2Hg(CN),  with  alcoholic 
potash  (p.  562),  or  by  oxidising  cliphenyl-benzene  (p.  566)  dissolved 
in  glacial  acetic  acid  with  chromic  anhydride.  It  crystallises  from 
alcohol  in  tufts  of  needles;  melts  at  218°-219°;  is  converted  by 
heating  with  lime  into  diphenyl,  and  by  oxidation  with  chromic 
acid  into  terephthalic  acid. 

■  Phenyl-benzoic  acid,  Ci3Hio02  =  CcH5.C6H4.C02H  (?  1:2),  pro- 
duced by  the  action  of  melting  potash  on  diphenylene  ketone  (p.  571) 
forms  ramified  crystals,  melting  at  110  -111°;  reconverted  into 
diphenylene  ketone  by  heating  with  lime. 

Diphenyl-dicarbonic  Acid,  C14H10O4  =  Ci2Hs(C02H)3  (jJo.ra), 
from  dicyanodiphenyl,  Ci2H8(CN)2,  is  a  white  amorphous  powder, 
insoluble  in  alcohol  and  ether,  neither  fusible  nor  sublimable. 
Heated  with  lime  it  yields  diphenyl.  Its  barium  and  calcium 
salts  are  nearly  insoluble  in  water.  The  diethylic  ether  melts  at 
112°. 

Diphenic  acid,  isomeric  with  the  last,  is  formed  by  oxidation  of 
phenanthrene  or  phenanthrene-quinone  with  chromic  acid  mixture. 
It  melts  at  226°,  sublimes  in  needles,  dissolves  very  easily  in  alcohol 
and  ether.  The  barium  and  calcium  salts  are  easily  soluble  in 
water  ;  the  diethylic  ether  is  liquid. 

Diphenylacetic  Acid,  Ci4Hi202  =  (CeH,.)2CH.C0.6H,  is  formed 
by  heating  benzilic  acid  with  hydiiodic  acid  to  150°,  and  by  heat- 
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ing  a  mixture  of  phenyl-broinacetic  acid  and  benzene  with  zinc- 
dust  : 

C0H5.CHBr.CO2H  +  CcHo  =  HBr  +  (CoH,)2CH.C02H. 

It  crystallises  from  water  in  slender  needles,  from  alcohol  in  laminfe, 
and  melts  at  146° ;  is  converted  by  chromic  acid  mixture  into 
diphenyl  ketone ;  by  heating  -with  soda-lime  into  diphenyl- 
methane. 

Diphenyl-glycollic  or  Benzilic  Acid,  Cj^HijOg  = 
(9c'^5)2C(OH).C02H,  is  formed  by  passing  bromine-vapour  into 
diphenyl-acetic  acid,  and  boiling  the  product  with  water  ;  also  by 
heating  benzile  with  alcoholic  potash  (not  in  excess);  in  this 
reaction,  a  ti-ansposition  of  atoms  must  take  place.  It  crystallises  ia 
shiuing  needles  or  prisms,  easily  soluble  in  hot  water  and  in  alcohol ; 
melts  at  150",  tui-ning  red  at  the  same  time.  It  dissolves  with  dark 
red  colour  in  sulphuric  acid.  By  heating  with  HI,  it  is  converted 
into  diphenyl-acetic  acid;  by  oxidation  into  diphenyl  ketone;  by 
distillation  of  its  barium  salts  iuto  benzhydrol  (p.  569). 

Benzoyl-benzoic  Acids,  C14H10O3  =  CeHg.CO.CeH^.COaH.— 
The  ^xtJTt-modification  is  formed  by  oxidation  of  solid  phenyl- 
tolj'l  ketone,  jjctra-benzyl-benzoic  acid,  benzyl-toluene,  benzylethyl- 
benzene,  and  ethylbenzyl-toluene  (p.  565),  with  chromic  acid  mixture. 
It  subUmes  in  laminte,  resembling  benzoic  acid,  and  melts  at  194°. 
The  ori/io-modification,  from  liquid  phenyl-tolyl  ketone,  crystallises 
from  hot  water  in  needles  or  prisms  containing  iHjO,  The  crystals 
melt  at  85°-87° ;  the  anhydrous  acid  at  127°-128°. 

Benzhydryl-benzoic  acids,  CeH5.CH.(OH).C(.H^.C02H.— The 
joara-acid,  formed  l)y  tbe  action  of  nascent  hydi'ogen  on  j3a?-a-benzyl- 
benzoic  acid,  crystallises  in  needles,  melts  at  164°-165°,  and  is  recon- 
verted by  oxidation  into  ^jara-benzoylbenzoic  acid.  The  ortho-acid 
cannot  be  obtained  in  the  free  state,  as  on  attemjiting  to  prepare  it 
^  by  the  action  of  nascent  hydrogen  on  ori/io-benzylbenzoic  acid,  it 
splits  up  into  water  and  the  anhydride  C^JI^fi^.  This  compound 
crystallises  from  alcohol  or  ether  in  prisms  melting  at  115° ;  is 
converted  by  oxidation  into  ori/io-benzylbenzoic  acid,  and  by  PCI5 
into  anthraquinone  and  chlorinated  compounds. 

Benzyl-benzoic  acid,  C14HJ2O2  =  C(,H5.CH2.C„H4.C02H.— The 
25cira-acid  is  obtained  by  the  prolonged  action  of  HI  and  phosphorus 
at  160°-170°  on  parct-benzoyl-  or  benzhydryl-benzoic  acid.  Laminas 
or  needles,  melting  at  157°.  The  ortho-add  obtained  in  like 
manner  from  or</io-benzoyl-benzoic  acid,  forms  slender  shining 
needles,  melting  at  114°. 
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NAPHTHALENE  GROUP. 

Naphthalene,  CioHg— This  hydrocarbon  is  produced  in  the 
decomposition  of  toh^ene,  xylene,  and  cumene  at  a  red  heat  (p.  428) ; 
also  by  passing  vapour  of  benzene,  cinnamene,  chrysene,  or  anthra- 
cene through  a  red-hot  tube.  It  is  formed  in  large  quantities  as  a 
bye-product  in  the  preparation  of  coal-gas,  its  production  doubtless 
arising  from  reactions  similar  to  those  just  mentioned.  When  the 
last  portion  of  the  volatile  oily  product  which  passes  over  in  the 
distillation  of  coal-tar  is  collected  apart  and  left  to  stand,  a  quantity 
of  solid  crystalline  matter  separates,  which  is  principally  naphtha- 
lene. An  additional  qiiantity  may  be  obtained  by  pushing  the 
distillation  until  the  contents  of  the  vessel  begin  to  char:  the 
naphthalene  then  condenses  in  the  solid  state,  but  dark-coloured  and 
very  impure.  By  simple  sublimation,  once  or  twice  repeated,  it  is 
obtained  perfectly  white. 

Naphthalene  is  formed  synthetically  from  phenyl-butylene, 
CeH5.CH2.CH2.CH=CHo,  which  is  obtained  by  the  action  of 
sodium  on  a  mixture  of  benzyl  chloride,  CgHj.CHjCl,  and  allyl 
iodide,  CHgl.CH— CHg.  This  hydrocarbon  or  its  bromide  passed 
through  a  red-hot  tube  filled  with  lime,  is  resolved  into  naphthalene 
and  hydrogen,  CioHi2  =  GioH8  +  2H2-  NaiDhthalene  forms  large 
colourless,  transparent,  brilliant,  crystalline  plates,  exhaling  a  faint 
and  peculiar  odour.  It  melts  at  79-2°  to  a  clear,  colourless  liquid, 
which  crystallises  on  cooling  ;  boils  at  218°.  When  strongly  heated 
in  the  air,  it  takes  lire,  and  burns  with  a  red  and  very  smoky  iiame. 
It  is  insoluble  in  cold  water,  but  soluble  to  a  slight  degi'ee  at  the 
boiling  heat ;  alcohol  and  ether  dissolve  it  easily  ;  a  hot  satiu-ated 
alcoholic  solution  deposits  line  iridescent  crystals  on  cooling.  It 
unites  with  jjimc  acid,  forming  the  compound  CjoB[8.CgH3(N 03)30, 
which  crystallises  in  stellate  groups  of  needles. 

Naphthalene,  like  benzene  and  its  homologues,  forms  addition- 
products  with  hydrogen  and  chlorine.  Heated  with  PH^I  to  190°, 
or  with  HI  and  amorphous  phosphorus  to  220°-250°,  it  forms  the 
t  etrahydride,  CJ0H8.H4,  a  pungent  liquid  boiling  at  205°.  With 
chlorine,  it  forms  the  compound,  CipHg-Clo,  which  is  a  pale  yellow 
oil,  and  Ci(,H8.Cl4,  CioHjCl.Cl^,  and  C^QHeClj.Clj,  which  crystallise 
in  monoclmic  prisms,  meltuig  respectively  at  182°,  128°-130°,  and 
172°. 

The  structure  of  the  naphthalene  molecule  is  deduced  hj  Graebe 
(Liebig's  Annalen,  cxlix.  26)  from  the  following  considerations. 
Naphthalene  is  converted  by  oxidation  into  phthaUc  or  benzene- 
dlcarbonic  acid,  C„H4(C02H)2,  two  of  its  carbon-atoms  being  re- 
moved as  carbon  dioxide,  while  two  others  remain  in  the  form  of 
carboxyl : 

CioHg  +  Og  =  CoH,(C02H)2  +  2CO2  -1-  H2O. 

Hence  naphthalene  contains  a  benzene-residue,  CgH4,  and  may  by 
represented  by  the  formula  CqH^.C^H^.     The  same  conclusion 
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follows  from  the  synthesis  of  naphthalene  from  phenyl-butylene. 
But  phthalic  acid  is  likewise  produced  by  oxidation  of  dichloro- 
naphthoqiunone,  C^^Hfil^O^  :  consequently,  this  compoimd  has  its 
two  chlorme-atoms  and  two  oxygen-atoms  associated  with  the  four 
carbon-atoms  which  undergo  oxidation,  and  may  be  represented  by 
the  formula  CoH4,.C4Cl202.  By  the  action  of  phosphorus  penta- 
chloride,  the  two  oxygen-atoms  are  replaced  by  two  chlorine-atoms 
and  at  the  same  time  one  of  the  four  hydrogen-atoms  is  replaced  by 
chlorine,  the  result  being  pentachloronaphthalene,  C^HgCirC-Cl ) 
which  is  converted  by  oxidation  into  tetrachlorophthalic  acid! 
CoCl4(C02H)2.  In  this  reaction,  therefore,  two  of  the  carbon-atoms 
belonging  to  the  left-hand  gronp  in  the  molecule  CflH3Cl(C4Cl  j  are 
removed  as  carbon  dioxide,  while  two  others  yield  the  two  groups 
CO2H,  and  the  remainmg  two,  together  with  the  four  standmo-  on 
the  right,  form  the  benzene  nucleus  CgCl^  of  tetrachlorophthalic 
ficicl. 

These  transformations  show  that  the  molecule  of  naphthalene  is 
symmetrical,  and  composed  of  two  benzene-nuclei  united  in  the 
manner  represented  by  the  following  iigure  : 

Kg.  19. 
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The  replacement  of  the  hydrogen-atoms  in  naphthalene  by  other 
elements  and  by  compound  radicles  gives  rise  to  numerous  substitu- 
tion-denvatives,  which  are  obtained  by  methods  similar  to  those  by 
which  the  benzene-derivatives  are  produced.     The  number  of 
possible  isomerides  among  the  naphthalene  derivatives  is,  however, 
much  greater  than  those  of  the  benzene-derivatives.     Thus  the 
mono-derivatives  of  benzene  do  not  admit  of  isomeric  modifications, 
but  m  naphthalene  the  places  1,  4,  5,  8  (see  the  preceding  figure), 
though  similar  to  each  other,  are  different  from  tlie  places  2,  3.  6,  7, 
which  are  lilcemse  similar  amongst  themselves.  Hence  there  will  be 
two  modifications  of  each  mono-derivative  of  naphthalene  (chloro-, 
nitro-,  &c.).    Those  modifications  in  which  the  substituted  radicles 
occupies  the  place  1  (=  4,  5,  or  8),  are  called  ^-derivatives ;  tliose 
m  which  it  is  placed  at  2,  .3,  5,  or  7,  are  called  /3-derivatives.  The 
di-derivatives,  CjpHgXa,  exhibit  ten  isomeric  modifications,  according 
as  the  substituted  radicles  are  situated  :  (1)  in  the  same  benzene 
ring  (1:2,  1: 3, 1 :4,  or  5  :6,  5  :7,  5  :8,  and  2:3,  or  6:7)  j  secomUy,  in 
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different  rings  (1: 5,  1:  6,  1: 7,  1 :8,  2 :6,  and  2:7).     The  Hst  of 
actually  know  modifications  is  however,  very  incomplete  _ 

Chloronaphthalenes  are  ohtamed  by  hoiling  the  chlorides  of 
naphthalene  with  alcoholic  potash,  which  removes  HCl ;  these 
when  subjected  to  the  action  oi  chlorme  also  form  addition-products 
such  as  OpH,Cl.Cl, ;  and  from  these,  by  the  action  of  alcoholic  potash, 
more  highly  chlorinated  substitution-derivatives  may  be  obtamed 

MonoMoronaphthcdenes,  C^oH^Cl.  - «,  from  naphthalene  di- 
chloride  is  a  liquid  bo-ding  at  250°.  -  (5.  By  the  action  of  PCl^  on 
/3-naphthol.  Colourlesscrystallme  mass  m  p.  60  ;  b.  p.  256-258 

cAHpCL  is  known  in  seven,  and  G,,llfi\,,  m  tour  modifications. 
C  CI ,  the  final  product  of  the  action  of  chlorine  on  naphthalene, 
forms  prisms  melting  at  135°.  ^.^  ^ 

Of  monobromonaphthalene,  two  modifications  are  knowB, 
one  formed  bv  dhect  bromination,  being  a  Hquid  boiling  at  2^7  ; 
the  other  froui  /3-naphthylamine  by  the  diazo-reaction  wth  alcohol, 
forming  white  shining  laminaa,  melting  at  68°. 

lodonaphthalene,  CioH^I,  produced  by  the  action  of  lodme  on 
mercimc  naphthide,  is  an  oil  boiling  at  300°.  •□-  r^xT 

Cyanonaphthalenes,  or  Naphthyl  Cyanides,  Cioily.CiN 
U  and  /3)  are  formed  by  distilUng  the  potassium  salts  ol  the  cor- 
responding naphthalenesulphonic  acids  with  potassium  cyamde.— 
u.  CrystaUises  in  needles,  melts  at  37-5°,  and/boils  at  297°-298  .— 
a  Forms  laminte,  melts  at  66-5°,  boils  at  304°-305°. 

■  Dicyanonaphthalenes,  C^G^^  are  formed  in  like  manner 
from  the  naphthalene-disulphonic  acids.— «.  Needles  meltmg  at 
267°-268°. — /3.  Needles  melting  at  296°-297°.  . 

Nitrosonaphthalene,  CioH^.NO,  is  formed  by  the  action  of 
nitrogen  oxybromide,  NOBr  (solution  of  NO  and  Br  in  Cba  at  -  ; 
on  mercmic  naphthide : 

(CioHj)2Hg  +  NOBr  =  CiqH^.NO  +  CioH^.Hg.Br . 

It  separates  from  solution  in  benzene  or  light  petroleum  in  yellow 
nodules,  turning  red  in  contact  with  the  air  ;  melts  at  85°,  and  de- 
composes at  134°.  Its  solution  in  phenol  is  coloured  blue  by  sul- 
phuric acid.  T  ^ 

Nitronaphthalene,  CioHj.NOg,  obtamed  by  heating  a  solution 
of  naphthalene  in  glacial  acetic  acid  with  ordinary  mtric  acid  for 
half  an  hour,  crystallises  from  alcohol  in  sulphur-yeUow  prisms, 
melts  at  61°,  boils  at  304° ;  insoluble  in  alcohol,  ether,  and  carbon 
sulphide. 

Two  dinitronaphthalenes  are  obtained  by  boiling  naphtha- 
lene or  mononitrona])hthalene  with  nitric  acid  till  the  oily  licjuid 
which  floats  on  the  surface  has  disappeared.— a.  Colourless  prisms 
melting  at  213°. — ;8.  Ehombic  plates  melting  at  170°. 

*Fov  tlie  latest  researches  on  iiaplitbaleiie-derivatives,  see  Liebermann 
(Liebig's  Annalen,  clxxxiii.  225),  and  Atterberg  (Deutsch.  Chan.  Oes.  ISer., 
1876,  pp.  1730,  1734). 
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These  compounds,  boiled  with  fuming  nitric  acid,  yield  three 
trinitronaphthalenes,  boiling  res]Dectively  at  122°  147°  and 
S^.^S,^,^'''^''  t<^*--t-naphthai;nes, 

Amidonaphthalenes  or  Naphthylamines,  CjoH,  NH  —The 
«-modification  obtained  by  reduction  of  nitronaphthalene,  ^crystal- 
lises m  needles  or  prisms,  easily  soluble  in  alcohol;  has  a  puncrent 
odour  ;  melts  at  50°,  and  boils  at  300°.  It  forms  easily  soliible 
crystalline  salts,  the  solutions  of  which  give  with  chromic  acid  or 
lerric  chloride,  a  blue  precipitate,  quickly  changing  to  a  purple-red 
powder  of  oxynaphthylamine,  CjoHgNO.  «-Naphthylaraine,  heated 
with  glacial  acetic  acid,  yields  ot-AcetoncqMialide.aJI^.^RiGJI^O) 
which  crystallises  in  fine  silky  fibres,  melting  at  159°.        ^  ^  3 

^-Naphthylamine  is  obtained  from  bromonitronaphthylamine 
P  W  P  A?xTn°S'^'^  ^r?,  ^iti-ation  of  bromacetonaphthaKde! 
L^ionoiir  iNid.CaMgU.  The  amido-group  is  eliminated  by  the 
action  of  nitrous  acid  and  alcohol,  and  the  resulting  bromonitro- 
naphthalene  is  reduced  by  tin  and  hydrochloric  acid.  fl-Naphthyl- 
amiQe  lomis  nacreous  laminfe  melting  at  112°. 

m-«ro7ia^9/ii7M^Zamme  CioHoNO^.NHs,  obtamed  by  reduction  of 
a-clinitronaphthalene,  forms  smaU  red  crystals  melting  at  1 18°-]  19° 
1  wo  isomeric  mtronaphthylamines  melting  at  191°  and  158°-159°  are 
tormed  by  the  nitration  of  the  acetyl-compound,  which  melts  at  159° 
Diamidonaphthalene  or  Naphthylenediamine,  from  nitro- 
naphthylamme  (m.  p.  191°),  is  converted  by  oxidation  with  dilute 
chromic  acid  into  naphthoquinone.  Two  other  naphthylene- 
diammes  are  obtained  by  reduction  of  dinitronaphthalenes. 

The  naphthylamines  treated  with  nitrous  acid  yield  diazo-com- 
pounds,  analogous  to  those  obtained  from  aniline. 

Diazo-amidonaphthalene,    ConH,.N,  =  C       N"  NTTiT  TT^ 
obtained  by  the  actL  of  nitrous  acl?l         coTcHfcSc  SlS 
01  naphthylamme,  forms  brown  laminas,  and  is  resolved  by  heating 
with  acids  into  naphthylamine  and  naphthol : 
C,oH,.N,.NH.Ci„H,  -f  H^O  =  CioH,.OH  +  CioH,.NH2  +  N,. 
ihe  action  of  nitrous  acid  on  a  warm  alcoholic  solution  of  naph- 
inyiamme,  or  ol  potassium  nitrite  on  its  solution  in  hydrochloric 
acid,    produces    amidazonaphthalene,  CioH^.N^.CioHo.NHo, 
metamenc  with  diazo-amidonaphthalene,  and  analogous  to  amid"- 
azobenzene  (p.  467).    It  dissolves  easily  in  alcohol,  and  ciystalUses 
in  orange-red  needles  having  a  green  metalUc  lustre.    Its  salts  are 
violet-coloured.     Heated  with  naphthylamine  it  forms  a  base, 
'^30^21-'^ 3)  analogous  to  rosaniline : 

^   ^    C2oH,,N3  -f  C,oH„N  =  NH3  -I-  C,„H,„N3. 
ihe  hydrochloride  of  this  base,  CgoHaiNa.HCl  +  H.O,  forms  the  fine 
red  dye-stuff  called  Naphthalene-red  or  Magdala-red.  It  crystallises  in 
green  metallically  lustrous  needles,  and  dissolves  in  alcohol,  ibrniinc; 
a  red  solution,  which  when  dHute  exhibits  a  beautiful  fluorescence. 
FOWNES.— VOL.  II.  2  0  * 
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Mercuric  Naphthide,  {0,0^7)2^?^  produced  by  the  action  of 
BorUum-amalgam  on  asolution  of  bromonaphthalene  m benzene  form^ 
Sina  crvstals  easily  soluble  in  hot  benzene,  sparingly  in  alcohol 
tni^^  lt  V£lt  24y,^r.d  decomposes  partiaUy  when  sub- 
imer  Halo  d  acids  decompose  it  into  naphthalene  and  merciuy- 
Ss.  It  unites  with  iodine,  forming  the  compound  (C,oH,),Hgl2, 
which  is  decomposed  by  a  larger  quantity  of  lodme,  thus : 

(C,oH,)2HgI,  +  I2  =  Hgl2  +  2CioH,I. 
Heated  with  soda-lime  it  yields  dinaphthyl  and  naphthalene. 

Naphthalene-sulphonic  Acids,  CioHv.SOgH,  a  and  0,  are 
formed  by  gradually  heating  naplithalene  with  sulphuric  acid,  and 
may  be  separated  by  fractional  crystallisation  of  their  banum  or 
S-salts,  those  of  the  a-acid  being  much  more  soluble  in  water  and 
alcohol  than  the  )3-salt8.  The  free  acids  are  crystalline  and  deli- 
quescent The  a  acid  is  conyerted  by  heat  into  the  ^-acid;  the 
latter  is  therefore  almost  the  sole  product  obtamed  at  a  high  tem- 
perature (160°).  The  a-acid,  heated  with  ddute  hydrochloric  acid 
to  200°,  is  resolyed  into  naphthalene  and  sulphuric  acid,  ihe 
,  chlorides,  OioHj.SO^Cl,  are  obtained  by  heatmg  the  potassuun  salts 
with  PCL.  They  crystallise  in  shmmg  lammse,  a  more  soluble  m 
ether  than  /3.  The  a-chloride  melts  at  66° ;  ^  at  76°.  By  zmc  and 
sulphuric  acid  they  are  conyerted  mto  mercaptans,  LioH^.teM. 

By  prolonged  heating  of  naphthalene  with  sulphiiric  acid,  two 
napUlLlene-disulphonic  acids,  Ci„He(S03H)„  are  formed,  which  when 
distilled  with  KCy  yield  the  corresponding  dicyanides,  ^lotieK^s^  )2- 

NapMhols,  C10H7.OH,  are  formed  by  fusing  the  two  mono- 
sulphonic  acids  with  potash.  t  1^  e 

a-Naphthol  is  also  produced  by  boihng  the  aqueous  solution  ot 
diazonaphthalene  nitrate  (from  a-naphthylamine)  with  nitrous 
acid  It  crystallises  in  colourless  monoclinic  prisms,  melts  at  94  , 
boils  at  278°-280° ;  is  nearly  insoluble  in  cold  water  somewJiat 
more  soluble  in  hot  water,  easily  in  alcohol  and  ether,  ferric 
chloride  and  bleaching  •  powder  give  to  the  aqueous  solution  a 
transient  violet  colour.  ,    .    ^.  ^.i   ri  „  +i,,,co 

With  alkalis,  &c.,  o-naphthol  forms  derivatives  exactly  liLe  those 
of  phenol.  The  ethylic  ether,  CioHy.O.C^H^,  is  a  colourless  hquid, 
boiling  at  272°,  not  solidifying  at  -5°.  a-Acdf-naphtlwl, 
CoH.rO.CoHgO,  formed  by  the  action  of  acetyl  chloride,  is  a 
yellomsh  liquid,  insoluble  in  water.  The  benzoyl  derivative  melts 
at  56°. 

Nitro-a-naphthol,C,oB.o  \  =    obtained  by  boiling  nitro- 

naphthylamine  (m.  p.  191°)  with  potash,  crystallises  from  alcohol  in 
lemon-yeUow  capillary  needles;  from  acetic  acid  or  acetone  in 
golden-yellow  prisms;  melts  at  164°.  Its  sodiuin  salt  is  a  jeUoW 
dye-stuff  caUed  Gampohello  yellow.    By  reduction  with  tm  and  HOi, 
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It  yields  amido-a-naphthol,  which,  by  boiling  with  bromine-water 
or  by  the  action  of  nitrous  acid,  is  converted  into  naphthoquinone 

An  isomeric  nitro-a-naphthol,  formed  from  the  nitronaphthvl- 
amine  meltmg  at  ISSO-ISQ",  crystallises  in  greenish-yellow  la 
^JH^^meltmgat  128^  much  less  soluble  in  alcohol  than  the^pre^ 

Dinitro-ci-naphtJiol,  CioH6(N02)20H,  is  formed  by  mixing  «-naT3hl- 
thylamine  with  4-6  parts  of  strong  nitric  acid;  by  boilfna  diazo- 
naphthalene  hycbocliloride  with  nitric  acid ;  or  by  gently  heatiuo- 
a  solution  of  «-naphthalene-sulphonic  acid  with  nitric  acid.  ShininS 
siUphur  .yellow  crystals  melting  at  138°,  sparingly  soluble  in 
alcohol  and  ether,  more  freely  in  chloroform.  It  forms  salts  with 
bases,  and  decomposes  carbonates.  Its  calcium  and  sodium  salts 
torm  splendid  yellow  dyes,  known  as  naphthalene-yeUows 

Dmitronaphthol  treated  with  zinc  and  hydrochloric  acid  yields 

Sb.&°f  T  - '^^'^^^^^^^^  CioH,(NH,),.OH,the  aqueous 
Bolution  of  which  IS  converted  by  exposure  to  the  air,  or  by  the 
action  of  feme  chlonde,  mto  the  hydi'ochloride  of  di-imidonadthol, 
C,oH,(OH)<NH>, 

pub.fnnFA*'^!^  ;«,'?.^aP^itliol,  C  H,.OH,from,3-naphthalene- 
Bulphonlc  acid,  crystallises  m  smaU  rhombic  tables,  melts  at  122°, 
boils  at  285°-290°,  and  sublimes  with  great  facility;  dissolve 

e^her,  C10H7.O.C2H5,  melts  at  33°,  the  acetyl-compound  at  60°  the 
benzyl-compound  at  107°.  ' 

Dinitro-fi-napUhol^^  obtained  by  heating  the  alcohoHc  solution  of 
^-naphthol  with  dilute  mtric  acid,  forms  yellow  needles  melting 

Dioxynaphthalene  ov  Naphthohydroquinone,  aoH,(OH), 
(1.4),  IS  formed  from  naphthoqumone  by  heating  with  hydriodic 
acid  and  amorphous  phosphorus.  It  crystaUises  f?om  hot  wSr  S 
long  coloiirless  needles,  melting  at  176°,  converted  by  oxidation 
mto  naphthoquinone.  _  An  isomeric  compound,  obtained  from 
naphthalene-disulphonic  acid,  forms  needles  slightly  soluble  in 

Naphthoquinone,  CioH„<g>,  is  formed  by  oxidation  of 

naphthalene  with  chromic  anhydride  dissolved  in  glacial  acetic  acid: 
more  readily  by  adding  a  dilute  aqueous  solution  of  chromic  acid 
1  to  a  solution  of  diami do-naphthalene  hydrochloride  (p.  577)  ;  on 
'distilling  the  liquid,  the  naphthoquinone  passes  over  with  the 
f  Steam.    Large  sulphur-yellow  triclinic  tables,  ha^^ng  a  pungent 
I  odour,  meltmg  at  125°,  subliming  below  100° ;  insoluble  in  cold 
water,  shghtly  soluble  in  cold  alcohol,  easily  in  hot  alcohol  and  in 
ether.    Converted  by  oxidation  with  nitric  acid  into  phtiialic  acid 

nichloronaphthoqidnone,  CjoH^CljOa,  is  formed  by  heating  a-naph- 
tnol  or  dmitronaphthol  (commercial  naphthalene  yellow)  with 
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potassium  chlorate  and  hydrochloric  acid ;  also  by  the  action  of 
chromyl  chloride,  CrOaCla  on  a  solution  of  naphthalene  m  glacial 
acetic  acid.  CrystaUises  in  golden-yellow  needles  melting  at  189° ; 
oxidised  by  nitric  acid  to  phthalic  acid  ;  converted  by  PCI5  mto 
C  H  CI-  which  oxidises  to  chlorophthaUc  acid.  Boiled  with  soda- 
ley  it  dissolves  with  red  colour,  forming  the  sodium  salt  of  chloro- 
naphthalic  acid,  CioH4Cl(02)OH,  which  crystallises  in  yeUow  needles, 
melting  at  200°.  -  ^ 

Oxynaphthoquinone  or  Naphthalenic  acid,  CioH5(OH<q> 

is  formed  from  the  hydrochloride  of  di-imidonaphthol  (p.  579)  by 
heating  with  dilute  hydrochloric  acid  to  120° : 

CioH,(N2H2)OH  +  2H2O  =  2NH3  +  CioH,(02)OH. 

Light  yellow,  strongly  electric  powder,  or  yellow  needles  ;  sparingly 
soluble  in  hot  water,  easily  in  alcohol  and  ether;  unites  with 
nascent  hydi-ogen,  forming  trioxynaphthalene.  It  is  a  rather  strong 
monobasic  acid,  capable  of  decomposing  carbonates.  Its  alkaU-salts 
are  blood-red,  and  easily  soluble  in  water. 

Dioxynaphthoquinone  or  Naplitliazarin,  CioH^(02)(OH)2. 
— This  compound  is  a  dye-stuff  very  much  like  alizarin.  It  is 
obtained  by  gradually  adding  dinitronaphthol  (4  parts),  and  granu- 
lated zinc  - 1  part),  to  a  mixtui-e  of  strong  sulphuric  acid  (40  parts), 
and  fuming"  sulphuric  acid  (4  parts)  heated  to  200°  (not  above  205°). 
On  diluting  the  mixture  with  water,  boiling,  and  filtering,  the 
naphthazarin  separates  as  a  red  gelatinous  mass,  which  may  be 
purified  by  sublimation.  Long  needles  having  a  splendid  green 
metallic  lustre,  dissolving  in.  alcohol  with  red,  in  ammonia  with 
sky-blue  colour.  The  solutions  give  violet-blue  precipitates  with 
baryta-  and  lime-water,  crimson  with  alum. 

UapMhoic  Acids,  CioHy.COaH.— «-Kaphthoic  acid  is  obtained 
from  c«-cyanonaphthaleue  (p.  576) ;  also  by  fusing  potassium  a-naph- 
thalenesulphonate  with  sodium  formate,  and  by  the  action  of 
sodium-amalgam  on  a  mixture  of  bromonaphthalene  and  ethyl 
chlorocarbonate.  Slender  needles  melting  at  160°,-  slightly  soluble  in 
hot  water,  easily  in  hot  alcohol.  By  distillation  vnth.  baiyta  it  is 
resolved  into  naphthalene  and  carbon  dioxide.  Its  ethylic  dlier 
boils  at  309°;  the  chloride,  CigHjCOCl  at  297°. 

/i- Naphthoic    or    Isonapihthoic    acid,  fi'om  /3-cyanonaphthalene, 
crystallises  from  hot  water  in  long  silky  needles  melting  at  182°. 
Oxynaphthoic  acids,  CioHb<^q^jj  ,  are  formed  from  the 

two  naphthols  by  the  action  of  sodium  "and  carbon  dioxide.  The 
a-acid  melts  at  185°,  and  forms  solutions  which  are  coloured  blue 
by  ferric  chloride.    The  /3-acid  is  difficult  to  prepare. 

Naphthalenc-dicarhonic  acids,  CioHn(C02H)2.— Of  these 
acids  there  are  three  Imown  modifications.  Two  of  them,  «  and  p, 
are  obtained  by  heating  the  corresponding  dicyanonaphthalenes 
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With  Strong  hydrochloric  acid  to  200°-210°.— «.  Forms  long  pointed 
needles,  melting,  with  decomposition,  above  300° ;  its  salts,  except 
those  of  the  alkalis,  are  but  slightly  soluble  in  water.  The  /3-acid 
is  very  much  Like  the  «-acid,  except  that  it  crystallises  in  short 
slender  needles. 

The  third  modification,  naphthalic  acid,  obtained  by  oxidation  of 
acenaphthene  and  acenaphthylene  with  chromic  acid  mixture 
forms  slender  needles,  and  decomposes  at  140°-150°,  without  melt- 
ing, into  water  and  the  anhydride,  OigHgOg,  which  melts  at  266°. 
The  acid  is  nearly  insoluble  in  water.  Its  calcium  salt  heated  Math 
lime  yields  naphthalene.  The  methylic  ether,  CioH.(COoCH„)„ 
crystallises  in  prisms  meltiag  at  102°-103°. 


DmapMhyl,  C^qB^u  =  CioH^.CioHy,  is  formed  by  the  action  of 
sodium  on  monobromonaphthalene  ;  by  oxidation  of  naphthalene 
with  MnOg  and  sulphuric  acid ;  and  by  heating  mercuric  naphthide 
with  soda-Lime  (p.  578).  Colourless  laminaj,  with  a  mother-of- 
pearl  lustre  ;  slightly  soluble  in  cold  alcohol,  easily  iii  ether  ;  melts 
at  154°,  and  sublimes  without  decomposition.  By  further  oxidation 
with  MnOg  and  sulphuric  acid  it  is  converted,  like  naphthalene, 
into  phthaLic  acid. 

Three  isodinaphthyls  are  obtained  by  passing  naphthalene-vapour 
alone,  or  mixed  with  antimony  trichloride,  through  a  red-hot  tube, 
and  may  be  separated  by  repeated  crystallisation  from  petroleum  : 
meltmg  points,  187°,  147°,  and  75°. 

Dinaphthyhnethane,  C^^R^^  =  Ci^n^.G-R^.G,Jl.,  obtained  (like 
diphenyl-methane,  p.  564)  by  the  action  of  sulphuric  acid  on  a 
mixture  of  naphthalene  and  methylal  dHuted  with  chloroform, 
crystallises  m  short  prisms,  melts  at  109°,  boils  at  a  temperature 
above  360°,  and  may  be  distilled  without  decomposition.  With 
picric  acid  It  forms  the  compound  C2oH,„.2CflH,(NO,)30,  which 
crystalhses  m  reddish  yeUow  prisms. 

Homologues  of  Naphthalene  are  obtained  by  the  action  of 
sodium  on  a  mixture  of  bromonaphthalene  and  alcoholic  bromides 
dissolved  m  ether  ;  and  these,  when  passed  through  red-hot  tubes, 
split  up  uito  hydrogen  and  unsaturated  hydrocarbons.  Methyl- 
naphthalene,  CioHj.CHg,  is  a  thick  liquid,  boiUng  at  232°,  not  solidi- 
lying  at  - 18° ;  ethyl-naphthalene,  CnH^.OoH-,  boils  at  251°-252°, 
and  does  not  soUdify  at  - 14°.     '    i«  ^   ^  6. 

Acenaphthene,  C^^Rj^a  =  G^o^a^  I      j      formed  by  passing 

ethyl-naphthalene  through  a  red-hot  tube,  and  occiu's  in  the  portion 
of  coal-tar  oil  boiling  at  250°-260°,  Iroiu  which  it  may  be  separated 
by  cooling.  It  crystallises  from  fusion  in  flat  prisma,  from  alcohol 
in  long  needles  ;  melts  at  95°;  boUs  at  277-5° ;  forma  with  picric 
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acid  the  compound  Ci2Hi„.CeH2(N02)30H,  which  crystalHses  from 
alcohol  in  long  needles  melting  at  161°-162°.  By  oxidation  with 
chromic  acid  mixture,  acenaphthene  is  converted  into  naphthalic 
acid  (p.  581). 

<CH 
II    ,  is  formed  hy  passing 
CH 

the  vapour  of  acenaphthene  over  gently  heated  lead-oxide.  It  dis- 
solves easily  in  alcohol,  crystallises  in  yellow  tables,  sublimes  at 
ordinary  temperatures,  melts  at  92°-93°,  and  boUs,  with  partial  de- 
composition, at  about  265°-275°.  Its  picric  acid  compoimd  fornis 
yellow  needles  melting  at  202°.  By  chromic  acid  mixture  it  is 
oxidised  to  naphthalic  acid.    Its  dibromide,  C^oIIgBrg,  melts  at  122°. 


PHENANTHRENE  AND  ANTHRACENE  GROUP. 

Tha  primary  compounds  of  this  group  are  two  isomeric  solid 
hydrocarbons,  Cj^Hiq,  occurring  in  the  portion  of  coal-tar  which 
boils  between  320°  and  360°.  They  are  nearly  related  to  benzene, 
and  their  modes  of  formation  and  decomposition  show  that  their 
structure  may  be  very  probably  represented  by  the  following 
formulse : 

I         II  C,Ii,<(\  NCgH, 

CeHi— CH  ^CH^ 
Phenanthrene.  Anthracene. 

Both  consist  of  two  benzene  residues  united  by  the  group  CjH, ; 
but  in  phenanthrene  the  two  benzene-groups  are  joined  directly, 
in  the  same  manner  as  in  diphenyl,  whereas  in  anthracene  they  are 
united  only  through  the  medium  of  the  group  =  CH — CH  = . 

Phenanthrene,  C14H10,  may  be  formed  by  abstraction  of  hydro- 
gen from  dibenzyl,  Ci4H„,  and  stilbene,  C^His,  when  the  vapours 
of  these  bodies  are  passed  through  a  red-hot  tube ;  also,  together 
with  anthracene  and  other  hydrocarbons,  from  toluene  and  xylene, 
by  similar  treatment  (p.  428). 

Phenanthrene  is  prepared  from  crude  anthracene — the  high- 
boiling  portion  of  coal-tar — by  collecting  apart  the  portion  which 
boils  between  320°  and  350°,  and  boiling  the  mass  with  alcohol. 
The  solution  on  cooling  deposits,  first  anthracene,  and  then  phenan- 
threne, which  may  be  obtaiued  quite  clear  by  two  recrystallisations. 

Phenanthrene  crystallises  in  colourless  shining  laminfe,  and  ex- 
hibits a  bluish  fluorescence,  especially  in  solution ;  melts  at  100° ;  boils 
at  340°;  dissolves  in  50  parts  of  alcohol  at  13°,  easily  in  boiling 
alcohol,  ether,  and  benzene.  It  unites  with  picric  acid,  a  mixture  of 
the  saturated  alcoholic  solutions  of  the  two  bodies,  depositing  the 
compound  Ci4Hio.CoH3(N02)30,  in  reddish  yellow  needles  melting  at 
143°.    By  boiling  with  chromic  acid  mixture  phenanthrene  is  con- 
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verted,  first  into  phenanthrene-quinone  and  ultimately  into 
diphenic  acid  (p.  572). 

Phenanthrene  tetrahydricle,  C^Tiln,  formed  by  heating  phenan- 
thi-eneto  210°-240°  with  hydjiodic  acid  and  amorphous  phosphorus 
is  a  liquid  boiling  at  300°-310°.  ' 

Phenanthrene  dih-omide  Ci4HjoBr2,  obtained  by  direct  combination 
in  ethereal  solution,  forms  prismatic  crystals,  and  is  resolved,  by 
heating  with  water  to  100°,  into  HBr  and  bromophenanthrene 
C^HgEr,  which  melts  at  63°. 

CcH^— CO 

Phenanthrene-quinone,  CiiHgOg  =1  I  ,  is  formed  by 

CeH,— CO 

heating  phenanthrene  with  chromic  acid  mixture,  or  by  adding 
chromic  anhydride  to  a  solution  of  phenanthrene  in  glacial  acetic 
acid.  It  crystallises  from  alcohol  iu  shining  orange-yellow  needles, 
melts  at  198°,  sublimes  without  decomposition,  dissolves  sparingly 
in  hot  water  and  cold  alcohol,  easily  in  hot  alcohol ;  dissolves  in 
strong  sulphuric  acid  with  dark  green  colour,  and  is  precipitated 
therefrom  by  water.  It  unites  with  acid  sodium  sulphite,  forming 
the  compound  Ci^HgOg.  SOsNaH  +  2H,0. 

Phenanthrene-quinone  is  oxidised  by  chromic  acid  mixtm-e  to 
diphenic  acid,  and  reduced  by  zinc-dust  to  phenanthrene;  when 
ignited  with  soda-Ume  it  yields  diphenyl. 

Phenanthrene-hydroquinone  or  Dioxyphenanthrene,  Ci4H8(OH)2, 
formed  by  the  action  of  sulphurous  acid  on  phenanthrene-quinone, 
crystallises  in  colourless  needles,  which,  when  exposed  to  the  air, 
turn  brown,  and  are  reoxydised  to  the  quinone.  Its  diacetyl-com- 
pound  crystallises  in  tables  melting  at  202°. 

Anthracene,  — This  hydrocarbon  may  be  formed  arti- 

ficially :  1.  By  passing  benzyl-toluene  through  a  red-hot  tube  or 
over  heated  lead  oxide : 

C6H5.CH2.C8H,.CH3  =  C„H,  <  |   >  CoH,  +  2H, . 

2.  By  heating  liquid  phenyl-tolyl  ketone  (p.  571)  with  zinc-dust  : 

CeH5.CO.C0H4.CH3  =  CoH,<gg>CoH,  -1-  H2O. 

3.  Together  with  dibenzyl,  by  heating  benzyl  chloride  with  water 

4(C„H6.CH2C1)  =  Ci.Hio  +  C14H14  +  4HC1 . 

Anthracene  is  prepared  from  the  high-boUing  portions  of  coal-tar 
by  repeated  distillation,  pressure,  and  recrysttillisation  from  benzene. 
To  obtain  it  quite  pure  and  colourless,  it  must  be  sublimed  at  as  low 
a  temperature  as  possible — best  by  heating  it  tiU  it  begins  to  boil, 
and  then  blowing  a  strong  current  of  air  over  it  from  a  pair  of 


584; 


ANTHEACENE-GROUP. 


bellows.  Or  its  solution  in  liot  benzene  may  be  bleached  by  expo^ 
sure  to  sunshine, 

Anthi-acene  crystallises  ia  colourless  monoclinic  tables,  exhibit- 
ing a  fine  blue  fluorescence.  It  dissolves  sparingly  in  alcohol  and 
ether,  easily  in  hot  benzene  ;  melts  at  213°,  and  distils  at  a  tempe- 
rature a  little  above  360°.  Its  solution  in  benzene  yields  vnth. 
picric  acid  the  compound  Ci4Hio.2C6H3(N02)30,  which  crystallises 
in  red  needles. 

A  cold  saturated  solution  of  anthracene  'm  benzene  exposed  to 
sunshine  deposits  tabular  crystals  of  an  isomeric  modification, 
C14H10,  called  p  a  r  a  n  t  h  r  a  c  e  n  e.  It  is  nearly  iasoluble  ia  ben- 
zene, is  not  attacked  by  nitric  acid  or  bromine,  melts  at  244°, 
and  is  at  the  same  time  converted  iuto  ordinary  anthracene. 

Anthracene  dihydride,  Ci^Hja,  formed  by  heating 
anthracene  or  anthraquinone  with  hydjiodic  acid  and  phosphorus, 
or  by  the  action  of  sodium-amalgam  on  its  alcoholic  solution, 
crystallises  in  monocUnic  tables  easily  soluble  in  alcohol,  melting 
at  106°,  distilling  at  305°.  On  passing  its  vapour  through  a  red- 
hot  tube,  it  is  resolved  into  antlu'acene  and  hydrogen.  The 
hexhijdride,  G^Jiie,  is  formed  by  prolonged  heating  of  anthracene 
or  the  dihydride  with  HI  and  phosphorus  to  200°-220°,  crystal- 
lises ia  laminee,  melts  at  63°,  boils  at  290°.  It  is  very  soluble 
in  alcohol,  ether,  and  benzene,  and  is  resolved  at  a  red  heat  uito 
anthracene  and  hydrogen. 

Anthracene  dichloride,  CiiHioClj,  formed  by  passing 
chlorine  gas  over  anthracene,  crystallises  iu  needles,  and  is  con- 
verted by  alcoholic  potash  into  Ci4HgCl.  By  heating  anthracene  in 
chloruie,  dichloranthracene  Ci4HgCl2is  formed,  which  crystallises 
in  yellow  lamiaa3,  melts  at  209°,  and  yields  solutions  having  a  splen- 
did blue  fluorescence. 

Dibromanthracene,  Ci^IIgBrg,  is  formed  as  the  sole  pro- 
duct of  the  action  of  bromine  on  a  solution  of  anthracene  on 
carbon  sulphide.  It  crystallises  ia  golden-yeUow  needles,  melt- 
ing at  221°,  and  is  reconverted  into  anthracene  by  heating  with 
alcoholic  potash.  Dibromanthracene  tetrabromide,  Ci4HsBr2.Br4,  is 
formed  by  passiag  bromine  vapour  over  finely  divided  anthra- 
cene or  dibromanthracene.  Hard,  thick,  coloiu-less  tables,  melt- 
ing with  decomposition  at  170°-180°. 

Another  modification  of  dibromanthracene  is  formed  by  heat- 
ing dibromanthraquinone  with  HI  and  phosphorus  to  150°  for 
eight  hours.  Golden-yellow  tables,  meltiag  at  190°-192°,  more 
soluble  in  alcohol  and  benzene  than  the  preceding  modification. 

Anthraeene-sulphonic  acids,  mono-  and  dH-,  are  formed  by 
heating  anthracene  with  strong  sulphuric  acid,  the  fonner  at 
100°,  the  latter  at  150°.  The  monosulphonic  acid  is  produced  ia 
two  isomeric  modifications  (a  and  /3),  which  may  be  separated 
by  means  of  their  lead  salts.  That  of  the  ec  acid  (tlie  chief  pro- 
duct) crystallises  in  light  yellow  lammaj  (Ci4H9S03)2Pb  +  4H2O, 
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and  is  much  more  soluble  than  that  of  the  /3  acid,  which  crys- 
tallises in  prisms  containing  THgO. 

Anthraphenols,  Ci^HjoO  =  CnHg^H).— Of  these  bodies  there 
are  two  metameric  modifications,  viz. : 


Anthrol  is  formed  in  two  isomeric  modifications  by  fusing  the 
alkali-salts  of  the  two  isomeric  anthracene-monosulphonic  acids  with 
potash  or  soda. 

«.  Light  yellow  needles  or  laminEe  having  a  strong  lustre,  decom- 
posing at  250°  without  previous  fusing ;  insoluble  in  water,  easily 
soluble  in  alcohol,  ether,  benzene,  and  alkalis.  The  alkaline  solu- 
tion absorbs  oxygen  from  the  air,  and  turns  brown. 

/3.  Yellowish  prisms,  somewhat  less  soluble  in  alcohol  and  ether 
than  at,  which  it  otherwise  resembles  in  every  respect. 

Anthranol  is  formed  by  heating  anthraquinone  (20  parts)  with 
hydriodic  acid  of  1-7  sp.  gr.  (80  parts)  and  phosphorus  (4  parts)  in  a 
vessel  with  reversed  condenser.  It  crystallises  in  yellowish  needles, 
melts  at  163°-170°  is  nearly  insoluble  in  cold,  more  soluble  in'^ot 
alkalis.  The  solution  absorbs  oxygen  from  the  air,  and  then  deposits 
anthraquinone  on  boiling.  Anthranol  is  also  converted  into  antha- 
quinone  by  oxidation  with  nitric  or  chromic  acid,  and  into  anthra- 
cene by  heating  with  zinc-dust.  With  acetic  anliydi-ide,  it  forms  an 
acetic  ether,  Ci4Hg.O.C2H30,  which  crystallises  in  light  yellow 
needles  melting  at  126°-131°. 

Anthraquinone,  Ci.HgOg  =  CBH4<gg>C8H4.  —  This  com- 

pound,_which  may  be  regarded  as  a  double  ketone,  and  diflFers  from 
the  quinones  of  the  benzene  series  in  not  having  its  two  oxygea- 
atoms  directly  combined,  is  fonned  by  oxidation  of  anthracene, 
anthracene-hydride,  dichlor-  or  dibrom-anthracene,  with  nitric  or 
chromic  acid;  also  when  liquid  phenyl-tolyl  ketone  (p.  571), 
^'oH5-CO.C'eH4.CH3,  is  passed  over  heated  lead  oxide,  or  heated  with 
MnOg  and  sulphuric  acid,  or  with  chromic  acid  mixture;  in  small 
quantity  also  (together  with  benzophenone,  p.  570)  by  distillation 
of  calcium  benzoate  j — and  by  heating  phthalic  chloride  and  benzene 
with  zinc-dust : 

CoH„<ggg}  +  C„He  =  2HC1  +  CflH4<gg>C«H4 . 

It  is  most  easily  prepared  by  adding  finely  pounded  potassium 
dichromate,  or  a  solution  of  chromic  acid  in  glacial  acetic  acid,  to  a 
hot  solution  of  anthracene  in  glacial  acetic  acid. 

Anthraf[uinone  sublimes  in  shining  yellow  needles,  melts  at  273° 
dissolves  in  hot  benzene  and  in  nitric  acid.    It  is  a  very  stable  com- 
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pound,  not  easily  altered  by  oxidising  agents,  and  not  reduced  by 
sulphurous  acid,  like  the  quinones  of  the  benzene  series.  Heated 
with  hydriodic  acid  to  150°,  or  with  zinc-dust,  it  is  converted  into 
anthracene.  By  fusion  with  potash  at  260°,  it  yields  2  molecules  of 
benzoic  acid.  Heated  with  PCI5  to  190°-200°,  it  yields  a  mixture  of 
di-  and  tetra-chloranthracene ;  and  when  heated  with  fuming  sul- 
phuric acid,  it  yields  sulpho-acids,  together  -with  phthalic  anhydride. 

Dibromanthraquinone,  C^JlgBTfi^,  is  formed  by  heating 
anthraquinone  with  bromine  to  100°,  or  by  oxidising  tetrabroman- 
thracene  with  nitric  acid ;  dichloranthraquinone  is  formed  by  a 
similar  method.  Both  sublime  in  yellow  needles,  and  are  converted 
into  alizarin  by  heating  with  potash-ley  to  150°. 

Dinitro-anthraquinone,  Ci4H8(N02)202,  obtained  by  boiling 
anthi'acene  with  dilute  nitric  acid,  forms  yellow  needles  melting  at 
280°,  and,  like  picric  acid,  forms  crystaUine  compounds  with  many 
hydrocarbons.  An  isomeric  compound,  obtained  by  the  action  of  a 
mixture  of  nitric  and  sulphuric  acids  on  anthraquinone,  forms  small 
light  yellow  monoclinic  prisms,  cakes  together  at  252°,  and  sublimes 
at  a  higher  temperatitre  in  small  needles,  with  partial  decomposition. 

Anthraquinone-sulphonic  acid,  C14H7O2.SO3H,  and  the 
disul phonic  acid,  Cj4H602(S03H)2,  are  formed,  together  with 
phthalic  anhydride,  by  heating  anthraquinone  with  strong  sulphuric 
acid  to  250°-260°.  The  disulphonic  acid  is  formed  synthetically  by 
heating  orthobenzoyl-benzoic  acid,  C6H5.CO.CBH4.CO2H  (p.  573), 
with  fuming  sulphuric  acid.  It  forms  yellow  crystals  easily  soluble 
in  water, 

C(OH) 

Anthrahydroquinone,  CuHcCOH),  =  CbH,^   |  ^CgH., 

produced  by  heating  anthraquinone  with  zinc-dust  and  potash-ley, 
forms  yellow  flakes,  which,  especially  when  moist,  are  quickly 
reconverted  into  anthraquinone  by  exposure  to  the  air. 

Oxyanthraquinone,  C^^HgOg  =  CoH4<^q>C6H3.(OH.)— This 

compound  is  produced,  together  \idth  alizarin,  by  fusing  mono- 
bromanthraquinone  or  anthraquinone-sulphonic  acid  with  potas- 
sium hydroxide ;  by  boiling  the  product  with  water  and  calcium 
or  barium  carbonate,  the  alizarin  is  precipitated,  and  the  oxyanthra- 
quinone dissolved.  Oxyanthraquinone  is  formed  synthetically, 
together  with  its  isomeride,  erythroxyanthraquinone,  by  heating 
phthalic  anhydride  and  phenol  with  strong  sulphuric  acid : 

CeH4<gg>0  +  CoH,OH  =  CeH4<gg>CeH3.0H  -f-  H2O . 

The  two  isomerides  may  be  separated  by  ammonia,  in  which  oxy- 
anthraquinone is  soluble,  erythroxyanthraquinone  insoluble. 

Oxyanthraquinone  is  equally  soluble  in  hot  and  in  cold  alcohol, 
crystallises  in  sulphur-yeUow  needles,  melts  at  268°-271°,  and 
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sublimes  with  some  difficulty  in  laminae.  It  dissolves  readily  in 
ammonia,  baryta-water  and  lime-water,  and  decomposes  barium  car- 
bonate when  boiled  with  it  in  water. 

Erythroxyanthraquinone  is  more  soluble  in  hot  than  in  cold  alcohol 
crystallises  in  orange-yellow  needles,  melts  at  173°-180°,  and 
sublimes  at  150°.  It  is  nearly  insoluble  in  dilute  ammonia, 'forms 
dark  red  lakes  with  baryta-  and  lime-water,  and  (Like  alizarin)  does 
not  decompose  carbonate  of  barium.  Both  oxyanthraquinones  are 
converted  by  fusion  with  potash  into  alizarin. 

^  Dioxyanthraquinones,  Ci^H804  =  Ci^Ha(OH)20,.— This  formula 
mcludes  eight  known  compounds,  in  three  of  which  the  two  hy- 
droxyl-groups  are  situated  in  the  same  benzene-nucleus,  while  four 
others  have  one  hydroxyl  in  each  benzene-nucleus,  and  in  the 
eighth,  the  position  of  these  groups  is  uncertain. 

I.  Dioxyanthraquinones,  ^e^i<^^CQ3.2<^^  ■ 

1.  Alizarin. — This  compound,  in  which  the  two  hydroxyls  are 
supposed  to  stand  to  one  another  in  the  para-position,  is  the  red 
colouring  matter  of  madder  root  (Eubia  tindorum).  Fresh  madder 
roots  contain  a  glucoside,  called  ruberythric  acid,  which,  when 
the  roots  are  steeped  in  water,  is  resolved,  under  the  influence  of  a 
peculiar  ferment  also  contained  in  them,  into  alizarin  and  glucose  : 

+    2H2O    =    Ci^HgO,    +  2C0H12O8 

Ruberythric  acid.  Alizarin.  Glucose. 

In  old  roots  this  change  has  already  taken  place  to  a  considerable 
extent,  so  that  they  contain  free  alizarin.  This  spontaneous  change 
was  the  basis  of  the  older  method  of  obtaining  alizarin,  and  of  the 
use  of  madder  in  dyemg.  Various  methods  of  accelerating  the  de- 
composition have  been  invented,  in  particular  the  treatment  of  the 
pulverised  root,  previously  exhausted  with  water,  with  strong  sid- 
phuric  acid,  which  decomposes  the  ruberjM:hric  acid  in  the  manner 
above  explained,  but  does  not  alter  the  resulting  alizarin.  .  The  pro- 
duct thus  obtained  is  called  garancin. 

At  present,  however,  almost  all  the  alizarin  used  in  dyeing  is  ob- 
tained by  artificial  processes  from  anthracene.  It  may  be  obtained 
by  the  action  of  melting  potash  on  various  derivatives  of  anthracene, 
viz.,  dibrom-  and  dichlor-anthraquinone,  the  two  monoxyanthra- 
quinones,  and  anthraquLnone-disulphonic  acid.  Graebe  and  Lie- 
bermann,  in  1868,  first  prepared  it  from  dibromanthraquinone,  and 
Perkin  soon  afterwards  showed  that  it  might  be  obtained  much 
more  economically  from  anthraquinone-disulphonic  acid.  This  last 
method  is  now  carried  out  on  a  very  large  scale.  The  mass  obtained 
ty  fusion  with  potash  is  dissolved  in  water,  and  the  alizarin,  pre- 
cipititated  by  hydrochloric  acid,  is  purified  by  crystallisation  and 
sublimation. 

Ali  zarin  crystallises  from  alcohol  in  reddish-yellow  prisms  or 
needles  containing  3  mol.  H2O,  which  it  gives  off  at  100°.    It  melta 
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at  275°  (Liebermann  a.  Trosclike);  at  289°-290°  (Glaus  a.  Will- 
gerodt)  *  and  sublimes  in  orange-coloured  needles  ;  dissolves  spar- 
ingly in  hot  water,  easily  in  alcohol  and  ether  ;  also  in  strong  sul- 
phuric acid,  forming  a  dark  red  solution,  from  which  it  is  precipi- 
tated by  water  in  its  origiaal  state. 

Alizarin  has  the  structure  of  a  diatomic  phenol,  and  reacts  like 
a  weak  acid.  It  dissolves  in  alkalis,  forming  purple  solutions,  fi-om 
which  calcium  and  barium  salts  throw  down  the  corresponding  salts 
as  purple  precipitates  (distinction  from  monoxyanthraquinone). 

Aluminium-  and  tin-salts  form  red  precipitates  (madder-lakes)  ; 
ferric  salts,  a  black- violet  precipitate.  The  use  of  alizarin  in  dyeing 
and  calico-printing  is  founded  on  this  property  of  forming  insoluble 
coloured  compounds  with  metallic  salts. 

Alizarin  is  converted  by  heating  with  zinc-dust  into  anthracene, 
and  by  oxidation  with  nitric  acid  into  phthalic  acid. 

Alizarin  boiled  with  acetic  anhydride  yields  first  monacetyl-ali- 
mrin,  CyHg(OH)(OC2H30)02,  and  after  prolonged  boiling,  diacetyl- 
alizarin,  Ci4Hg(OC2H30)202. 

Alizarinamide,  CeH4.C202.CgH2(NH2)OH,  formed  by  heating 
alizarin  with  aqueous  ammonia  to  150°-200°,  crystallises  in  brown 
needles,  meltiag  at  250°-260°. 

2.  Qdinizarin  is  formed  by  heating  phthalic  anhydride  and  hy- 
di'oquinone,  or  parachlorophenol,  with  sulphuric  acid.  It  crystallises 
from  ether  in  yellow  needles  melting  at  194° ;  dissolves  ia  alkalis 
with  blue- violet  colour ;  forms  blue-violet  precipitates  with  baryta 
and  magnesia,  red  with  alumina  ;  and  is  reduced  to  anthracene  by 
heating  with  zinc-dust. 

3.  PuRPDROXANTHiN  (or  Xantliopur^urin)  occurs  in  small  quan- 
tity in  madder,  and  is  formed  from  purpurin  by  reduction  with 
stannous  chloride  in  alkaline  solution.  Yello-wdsh  red  needles,  m.  p. 
262°-263°  ;  dissolving  with  red  colour  in  alkalis  and  baryta -water. 
In  alkaline  solution  it  absorbs  oxygen  from  the  air. 

CO 

II.' Dioxyanthraquinones,  CqH^{OII)<^qq^CqK^{OJI)  . 

4.  Anthraflavone.  —  Formed  from  oxybenzoic  acid, 
CqH4(0H).C0.0H,  in  small  quantity  by  dry  distillation,  in  larger 
quantity  hj  heatino  with  sulphuric  acid  to  180°-200°.  Crystallises 
in  small  yellow  needles  ;  sublimes  above  300°  with  partial  decomposi- 
tion, and  without  previous  fusion;  nearly  insoluble  in  boiling 
water,  slightly  soluble  in  ether,  more  easily  in  alcohol;  dissolves 
with  broMTi  colour  in  alkalis  ;  converted  into  alizarin  by  heating 
with  zinc-dust ;  into  oxybenzoic  acid  by  fusion  with  potash. 

5.  Anthraflavic  Acid. — Formed,  together  with  isoanthraflavic 
acid,  fiom  two  different  anthraquinone-disulphonic  acids,  in  the 
preparation  of  alizarin  on  the  large  scale.  It  is  therefore  a  consti- 
tuent of  crude  commercial  alizaiin,  and  may  be  extracted  therefrom 

*  Deutscli.  Ch.  Ges.  Ber.  1875,  pp.  351,  381. 
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by  lime-water  (the  alizarin  remaining  imdissolvecl),  the  red  solution 
being  precipitated  with  hydi-ochloric  acid,  and  the  precipitate 
treated  with  cold  baryta-water,  which  dissolves  iso-anthi-aflavic  acid 
and  leaves  the  anthraflavic  acid  imdissolved.  ' 
_  Anthraflavic  acid  crystallises  from  alcohol  in  anhydrous  yellow 
silky  needles ;  melts  above  330° ;  dissolves  in  alkalis,  with  yellowish 
red  colour  ;  forms  with  acetic  anhydride  a  diacetyl-comvound 
Ci4Hg(OC2H30)202,  melting  at  227°. 

6.  Iso-ANTHRAFLAVic  acid,  prepared  as  above,  crystallises  from 
aqueous  alcohol  in  long  yellow  needles  with  1  mol.  B..f),  which  is 
given  oif  at  150°  ;  the  anhydrous  compound  melts  above  330°. 
Dissolves  in  alkalis  with  deep  red  colour.  The  diacetyl-compound 
forms  small  pale-yellow  crystals  melting  at  195°. 

7.  Chrtsazin,  prepared  by  heatmg  with  alcohol  the  diazo-com- 
pound  formed  by  the  action  of  nitrous  acid  ou  sulphate  of  hydro- 
chrysammide  {infra),  crystallises  in  golden-yellow  laminas  or  red- 
brown  highly  lustrous  needles;  melts  at  191°;  dissolves  in  alkalis 
with  yellowish  red  colour;  forms  insoluble  red  compounds  with 
lime-  and  baryta-water  ;  is  reduced  to  anthracene  by  heating  with 
zinc-dust.  The  diacetyl-compound  forms  yellowish  laminas  melt- 
ing at  226-230°. 

Tetrcmitrochrysazin  or  Chnjsammic  acid,  Ci4H2(N02)4(OH)202, 
formed  by  heating  aloes,  or  chrysazin,  with  strong  nitric  acid, 
crystallises  in  golden  yellow  laminaj  sparingly  soluble  in  water,  and 
reacts  like  a  strong  bibasic  acid.  By  the  action  of  reducing  agents 
it  is  converted  into  tetramido-chrysazin  or  chrysamrnide, 
piiH2(NH2)4(OH)202,  which  crystallises  in  indigo-blue  needles, 
having  a  splendid  coj)pery  lustre. 


8.  Frangulic  Acid,  Oi^HgO^  4-1  iH20,  a  dioxyanthraquinone  in 
which  the  relative  positions  of  the  two  OH-groups  are  not  known, 
is  formed  by  the  action  of  dilute  acids  on  frangulin  G^oH^oO^f,,  a 
glucoside  contained  in  the  bark  of  Rhamnus  frangula.  It  crystal- 
lises in  orange-yellow  needles  or  plates  containing  Ih  mol.  H2O, 
gives  'off  its  water  at  180°,  and  melts  at  252°-254°.  "Keduced  by 
zinc-du.st  to  anthracene. 


Trioxyanthraquinones,  Ci^HgOg  =  C,4Hf,(OH)302.  —  Of  these 
compounds  there  are  four  known  modifications  : 

1.  PuRPURiN,  CoH4<^q>CbH(OH)3,  occurs  in  old  madder- 
root,  together  with  alizarin,  and  may  be  separated  by  means  of 
boiling  alum  solution,  in  which  the  alizarin  is  insoluble.  It 
may  be  formed  artificially  from  alizarin  or  chrysazin  liy  o.xidation 
with  MnOa  and  sidphuric  acid  at  140°-160°,'and  from  i)urpuro- 
xanthin  by  merely  heating  the  alkalme  solution  in  an  ojjen 
vessel.  It  crystallises  in  reddish-yellow  prisms,  easily  fusible  and 
subliming  with  partial  decomposition ;  somewhat  more  soluble  iu 


590 


ANTHRAOENE-GSOUP. 


■water  than  alazarin  ;  dissolves  with  red  colour  in  alcohol,  ether, 
and  alkalis  ;  forms  purple-red  precipitates  with  lime-  and  baryta- 
water  ;  is  reduced  to  anthracene  by  heating  with  zinc-dust.  With 
acetic  anhydride  it  forms  a  triacetyl-comijound,  Ci4H5(0C2H3O)3O2, 
which  crystallises  in  yellowish  needles  melting  at  190°-193°. 

Purpurinamide,  Ci4H6(NH2)(OH)202,  obtaiaed  by  heating  purpu- 
rin  with  aqueous  ammonia,  forms  brownish-green  metalUcally  lus- 
trous needles.  Treated  lq  hot  alcoholic  solution  with  nitrous  acid, 
it  is  converted  into  purpuroxanthin. 

2.  Anthrapuepurin,  C6H30H.C202.CbH2(OH)2,  produced  by 
fusin"  potassium  anthraquinone-disulphonate  or  isanthraflavic  acid 
with°potash,  forms  orange-coloured  needles,  melting  above  330°, 
subUmable  with  partial  decomposition.  Dissolves  in  alkalis  with 
fine  violet  colour,  and.  Like  alizarin,  produces  red  coloiirs  with 
alumina-mordants,  purple  and  black  with  iron  mordants ;  but  the 
reds  are  purer  than  those  of  alizarin,  the  purples  bluer,  and  the 
blacks  more  intense.  Its  triacetyl-compound  forms  light  yeUow 
scales  melting  at  220°-222°. 

3.  Flavopurpurin,  C6H30H.C202.CgH2(OH2),  formed  from 
anthraflavic  acid  by  fusion  with  potash,  crystallises  fi-om  alcohol  in 
golden-yellow  needles,  melts  above  330°,  sublimes  in  long  needles, 
like  alizarin.  Dissolves  easily  in  alcohol,  with  purple  colour  in 
alkalis. 

4.  OxYCHRTSAZiN,  C(iH3(OH).C202.CpH2(OH)2,  produced  by  the 
action  of  melting  potash  on  chrysazin,  is  precipitated  from  its 
bluish  violet  solution  in  alkalis  by  acids  in  brown  flocks,  and 
crystallises  from  alcohol.  Its  triacetyl-compound  forms  light 
yellow  needles  melting  at  192°-193°. 

Tetraoxyanthraquinone,  €14114(011)402,  is  known  in  two  modi- 
fications : 

1.  Anthrachrysone,  CeH2(OH)2.C202.CeH2(OH)2,  is  formed, 
like  anthraflavone,  from  dioxybeuzoic  acid,  C(.H3(OH)2.00.0H,  by 
dry  distillation,  or  by  heating  to  140°  wdth  strong  sulphuric  acid. 
It  is  insoluble  in  water,  crystallises  from  glacial  acetic  acid  or  from 
alcohol  in  yellomsh  red  needles,  melting  at  320°;  yields  anthracene 
when  heated  with  zinc-dust. 

2.  EupioPiN,  Ci4H4(OH)402,  obtained  by  heating  opianic  acid 
(p.  550)  with  sulphiuic  acid,  forms  yellowish  red  needles  or  crusts, 
dissolving  in  alkalis  with  violet-red  coloiir ;  yields  anthracene  by 
reduction  with  zinc-dust. 

A  third  modification  is  perhaps  Pseudopurjmrin,  which  is  con- 
tained in  madder-root.  It  is  very  much  like  purpvu-rn,  is  converted 
into  that  substance  by  boiling  mth  water  or  alcohol,  and  is  said  to 
be  converted  by  reducing  agents  into  purpuroxantliin. 

Eufigallic  acid,  CJ4H8O8,  obtained  by  heatmg  gallic  or 
digallic  acid  with  strong  sulphuri  cacid,isahexoxyanthraquiuone, 
CuH(OH)3.C202.CoH(OH)3.    It  forms  small,  shining,  browTi-red 
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crystals,  containing  SHgO,  which  it  gives  off  at  120°  and  sublimes 
at  a  higher  temperature  in  cinnabar-red  prisms  ;  dissolves  spar- 
ingly in  hot  water,  alcohol,  and  ether,  with  brown  colour  in  alkalis  • 
precipitated  with  indigo-blue  colour  by  baryta-water.  Yields 
anthracene  by  reduction  with  zinc-dust. 


Methyl-anthracene,  C,,B.,^  =  Ci.Hg.CHj,  is  formed  by  passing 
the  vapour  of  ditolyl-methane  or  ditolyl-ethane  (p.  565)  throuc^h  a 
red-hot  tube,  and  by  heating  chrysophanic  acid,  eniodin  or  aloin 
with  zinc-dust.  Colourless  shining  laminae,  melting  at  200'~- 
slightly  soluble  in  alcohol,  ether,  and  glacial  acetic  acid  ;  easily  in 
chloroform,  CS2,  and  benzene.  Forms  with  picric  acid  a  compound 
which  crystallises  in  long  dark-red  needles,  and  is  decomposed  bv 
water  and  alcohol. 

Methylanthraquinone  G,,B:,,0,  =  CeH,.C202.CBH3(CH3),  ob- 
tamed  by  oxidising  methylanthracene  in  alcoholic  solution  with 
mtnc  acid,  forms  small  yellow  needles  melting  at  162°-163° 
_  Dioxymethylanthraquinone,  C^^RioOi  =  Ci4H5.CH,(dHkO„ 
IS  known  m  two  modifications :  1*  d      d\      /i  2> 

1.  Methylalizarin  is  formed  by  the  action  of  melting  potash 
on  the  potassium  salt  of  methylanthraquinone-sulphonic  acid  It 
closely  resembles  ahizarin  ;  sublimes  above  200°  in  tufts  of  small 
red  crystals;  melts  at  250''-252°;  dissolves  in  alkalis  with  blue- 
violet  colour. 

2.  Chrysophanic  acid  (Parietic  acid,  Bheic  acid),  occurs  in 
the  hchen  Parmeha  parietina,  in  senna  leaves,  and  in  rhubarb 
root,  and  may  be  extracted  therefrom  by  ether  or  alkalis  It 
crystallises  in  golden-yellow  needles  or  prisms,  melts  at  162°,  and 
subbmes  partly  without  decomposition;  dissolves  in  alkalis  with 
red  colour  ;  is  reduced  by  zinc-dust  to  methyl-anthracene. 

n  5'^^fJ^«*^2/^«^*'''^«5'«^"0'ie  or  Emddin,  CisHjoOfi  ^ 
Ci4H4(CH3)(OH)3.02,  occurs  in  the  bark  of  ' Rhamnus  frcmgula, 
and  m  smaU  quantity,  together  with  chrysophanic  acid,  in  rhubarb 
root,  and  is  separated  by  solution  of  sodium  carbonate,  which  dis- 
solves the  emodin,  leaving  the  chrysophanic  acid.  Long,  brittle 
orange-red,  monocbnic  prisms,  melting  at  246°-250°;  converted 
into  methyl-anthracene  by  heating  with  zinc-dust. 

Anthracene-carbonic  Acid,  C14H0.CO2H,  is  obtained  by 
heating  anthracene  with  carbonyl  chloride  to  200°  in  sealed  tubes, 
dissolving  the  product  in  sodium  carbonate,  and  precipitating  with 
hydrochloric  acid.  Long,  silky,  light  yellow  needles,  melting  with 
decomposition  at  206°  ;  slightly  soluble  in  hot  water,  easily  in 
alcohol.  Oxidised  by  chromic  acid  to  anthraquinone;  resolved  by 
heat  into  COj  and  anthracene.  An  isomeric  acid,  obtained  by 
saponification  of  the  cyanide  produced  by  heating  potassium  anthra- 
ceneaulphonate  with  potassium  ferrocyanide,  melts  above  220°  and 
Bublimes  without  decomposition  in  orange-yellow  needles. 
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Hydrocarbons  of  Higher  Boiling  Point. 

Pyrene,  CieHjo,  and  Ohrysene,  CigHij,  are  contained  in  the 
portion  of  coal-tar  boiling  above  360°  (b.  p.  of  anttracene),  and  may 
be  separated  by  heating  the  solid  mass  with  carbon  sulphide,  which 
dissolves  pyrene,  together  with  other  hydrocarbons,  while  the  chry- 
sene  remains  behind. 

Pyrene  may  be  obtained  pure  by  distilling  off  the  carbon 
sulphide,  dissolving  the  residue  in  alcohol,  and  adding  an  alcoholic 
solution  of  picric  acid.    Red  crystals  then  separate,  consisting  of  a  ■ 
compound  of  pyrene  and  picric  acid,  which,  after  purification  by  j 
repeated  crystallisation  from  alcohol,  may  be  decomposed  by  am- 
monia.   Pyrene  crystallises  in  plates,  melts  at  142°,  and  distils  at  a 
higher  temperature  ;  dissolves  sparingly  in  cold,  more  readily  in  hot 
alcohol  ;  very  easily  in  benzene,  ether,  and  carbon  sulphide.    Its  j 
picric  acid  compound,  Ci(.Hio.CgH3(N02)30,  crystallises  in  red 
needles.    Heated  with  hyclriodic  acid  to  200°,  it  is  converted  into  a  j 
hexhydride,  CieHio.Hg,  melting  at  127°.    Heated  with  chromic  j 
acid  mixture,  it  yields  pyrene-quinone,  CigHgOg,  which  sub- 
limes in  red  needles. 

Chry  sene,  CigHjg,  the  portion  of  the  high-boiling  coal-tar  hydro- 
carbons which  is  insoluble  in  carbon  sulphide,  may  be  purified  by 
repeated  crystallisation  from  benzene.  It  is  thus  obtained  in  bright 
yellow  glistening  scales,  which  cannot  be  decolorised  by  recrystal- 
lisation,  but  may  be  obtained  quite  colourless  by  heating  with 
hydriodic  acid  and  amorphous  phosphorus  to  240°,  or  by  looiling 
with  alcohol  and  a  small  quantity  of  nitric  acid.  It  dissolves  very 
sparingly  ia  alcohol,  ether,  and  carbon  sulphide,  more  freely  in 
benzene  ;  sublimes  in  dazzling  white  laminte,  which  exhibit  a  fine 
blue  fluorescence,  and  melt  at  250°.  Its  picric  acid  compound 
Ci8Hi2.C6H3(N02)30  crystallises  in  brown  needles.  By  oxidation 
with  chromic  anhydride  dissolved  in  glacial  acetic  acid,  it  yields 
chrysene-quinone,  CigHj^Oj,  which  crystallises  in  red  needles, 
melts  at  235°,  dissolves  \vith  fine  blue  coloiu"  in  strong  sulphuric 
acid,  and  is  precipitated  from  the  solution  by  water  in  its  original 
state.  Chrysene-quinone  unites  with  acid  sodium  sulphite,  and  is 
reduced  by  sulphurous  acid  to  chrysohydroquinone,CjsHiQ(OH)2. 
By  distillation  with  soda-lime  it  yields  the  hydrocarbon  CigHjo  (m.  p. 
104°-105°),  just  as  phenanthi-ene-quinone  yields  diphenyl  (p  561). 

Retene,  CjgHjg,  occurs  in  thin  unctuous  scales  on  fossil  pine-stems, 
in  beds  of  peat  and  hgnite,  in  Denmark  and  other  localities.  It 
is  produced  in  the  dry  distillation  of  very  resinous  fir  and  pine- 
wood,  passing  over  together  mth  the  heavy  tar-oil,  and  sepa- 
rating in  scales  like  paraffin  ;  also,  together  with  other  hydi'o- 
carbons,  by  passing  acetylene  through  red-hot  tubes.  It  crys- 
tallises in  colom-less  lamina3,  slightly  soliible  in  alcohol,  easily 
in  ether;  melts  at  99°;  forms  vdth  picric  acid  the  compound 
CigHi8.CeH3(N02)30,  which  crystallises  in  orango-yellow  needles  ;  is 
converted  by  sulphuric  acid  into  a  disulphouic  acid,  and  by  cha'ouiic 
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acul  mixture  into  dioxyretistene,  C^gH^fi^  (m.  p.  194°-195°) 
and  phthalic  acid.  Dioxyretistene,  heated  with  zinc-dust,  is  con- 
verted into  retistene,  C^qK^^,  which  crystallises  from  alcohol  in 
white  laminte,  and  forms  a  crystalline  compound  with  picric  acid. 

Similar  but  less  known  hydrocarbons  are  Fichtelite,  found  on 
old  pine-stems  ;  Idrialin,  in  quicksilver  ore  from  Idria  ;  and 
Scheererite,  in  beds  of  lignite. 


TEBPENES  and  CAMPHORS. 

The  terpenes,  CioHjb,  are  volatile  oils  existing  in  plants,  chiefly  of 
the  coniferous  and  aiu-antiaceous  orders.  They  have  not  yet  been 
formed  by  any  artificial  process,  but  then-  relation  to  the  aromatic 
group  is  shown  by  their  conversion  into  terephthalic  acid  by  oxida- 
tion with  nitric  acid,  and  by  the  formation  of  cymene  from  tiu-pen- 
tine  oil  (p.  431). 

Turpentine  oil,  the  most  important  member  of  the  group,  is 
contained  in  the  wood,  bark,  leaves,  and  other  parts  of  pines,  firs,  and 
other  coniferous  trees,  and  is  usually  prepared  by  distilling  crude  tur- 
pentine, the  oleo-resinous  juice  which  exudes  from  incisions  in  the 
bark  of  the  trees,  either  alone  or  with  water.  It  was  formerly  sup- 
posed that  aU  the  volatile  oils  thus  obtained,  and  having  the  com- 
position CjoHiQ,  were  identical  in  chemical  and  physical  properties ; 
but  recent  investigations,  especially  those  of  Berthelot,  have  shown 
that  the  tirrpentine  oils  obtained  from  different  sources  exhibit  con- 
siderable diversities  in  their  physical,  and  more  especially  in  their 
optical  properties;  further,  that  most  kinds  of  turpentine  oil  are 
mixtures  of  two  or  more  isomeric  or  polymeric  hydrocarbons,  differ- 
ing in  physical  and  sometimes  also  in  chemical  properties.  These 
modifications  are  often  produced  by  the  action  of  heat  and  of 
chemical  reagents  during  the  purification  of  the  oil. 

The  several  varieties  of  turpentine  oil,  when  purified  by  repeated 
rectification  with  water,  are  colourless  mobile  liquids,  having  a  pecu- 
liar aromatic  but  disagreeable  odour.  They  are  insoluble  in  water, 
slightly  soluble  in  aqueous  alcohol,  miscible  in  all  proportions  with 
al5solute  alcohol,  ether,  and  carbon  disulphide.  They  dissolve 
iodine,  sulphur,  phosphorus,  and  many  organic  substances  which  are 
insoluble  in  water,  such  as  fixed  oils  and  resins,  and  are  therefore 
used  for  making  varnishes. 

The  principal  varieties  are,  French  turpentine  oil,  obtained  from 
the  French  or  Bordeaux  turpentine  of  Pinus  maritima,  and  English 
turpentine  oil,  from  the  turpentine  collected,  in  Carolina  and  otlier 
Southern  States  of  the  Americm  Union,  from  Pinus  australis  and 
Pinus  Tceda. 

French  turpentine  oil,  when  purified  by  neutralising  it  with  an 
alkaline  carbonate,  and  then  distilling  it,  first  over  the  water-bath, 
and  then  in  a  vacuum  (by  which  treatment  all  transformation  of 
the  product  by  heat  or  by  reagents  is  avoided),  consists  mainly  of 
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a  hydrocarbon,  C^qRiq,  called  terebenthene.  It  has  a  specific 
gravity  of  0-864,  boils  at  161°,  and  turns  the  plane  of  polarisation 
of  a  ray  of  light  to  the  left.  English  turpentine  oil,  treated  in  a 
similar  manner,  yields,  as  its  chief  constituent,  a  liquid  called 
australene,  or  austraterebenthene,  having  the  same  specific 
gravity  and  boiling  point  as  terebenthene,  but  turning  the  plane  of 
polarisation  to  the  right. 

When  pure  turpentine  oil  (terebenthene  or  australene)  is  heated 
to  200°-250°,  it  undergoes  a  molecular  transformation,  and  may 
then  be  separated  by  distillation  into  two  oils,  one  called  austra- 
pyrolene,  isomeric  with  the  original  oil,  and  boiling  at  176°-178° ; 
the  other,  caUed  metaterebenthene,  polymeric  with  the  original 
oU,  having  the  formula  C20H32,  and  boiling  at  a  temperature  above 
360°.  Both  are  levorotatory,  the  latter  exhibiting  the  greater 
amount  of  rotatory  power. 

Turpentine  oil  is  converted,  by  repeated  distillation  with  a  small 
quantity  of  strong  sulphuric  acid,  into  two  inactive  modifications, 
terebene,  C^qHiq,  boiling  at  160°,  and  colophene,  C20H32,  boiling 
at  a  very  high  temperature.  A  body  of  the  same  percentage  com- 
position, and  closely  resembling  terebene  in  its  physical  properties, 
is  obtained  by  the  action  of  bromine  and  alcoholic  potash  on 
diamylene  (p.  58) :  G^oH^q  -  H4  =  C^o^^a  ■ 

Turpentine  oil  exposed  to  the  air  absorbs  oxygen,  and  acquires 
powerful  oxidising  properties,  formerly  supposed  to  be  due  to  the 
conversion  of  the  oxygen  into  ozone  ;  but  according  to  recent  ex- 
periments by  Kingzett,*  it  appears  highly  probable  that  the  oxidis- 
ing compound  is  an  organic  peroxide,  CjoHj^O^,  which  when  heated 
with  water  is  resolved  into  hydrogen  dioxide  and  camphoric  acid: 
C10H14O4  +  2H2O  =  H2O2  +  CioHieO,. 

Nitric  acid  and  other  powerful  oxidising  agents,  convert  turpen- 
tine oil  into  a  number  of  acid  products  of  complex  constitution. 
Strong  nitric  acid  acts  very  violently  on  turpentine  oil,  sometimes 
setting  it  on  fire. 

Chlorine  is  absorbed  by  turpentine  oil,  with  evolution  of  heat, 
sometimes  sufiicient  to  produce  inflammation.  When  paper  soaked 
in  rectified  turpentine  oil  is  introduced  into  a  vessel  iilled  with 
chlorine,  the  tirrpentiae  takes  fire,  and  a  quantity  of  black  smoke 
is  produced,  together  with  white  fumes  of  hydrochloric  acid. 
Bromine  acts  in  a  similar  manner.  Iodine  is  dissolved  by  turpen- 
tine oil,  forming  at  first  a  green  sohition,  which  afterwards  becomes 
hot,  and  gives  off  hydriodic  acid.  When  a  considerable  quantity  of 
iodine  is  suddenly  brought  in  contact  with  turpentine  oil,  explosion 
frequently  ensues.  Turpentine  oil  distilled  Avith  chloride  of  lime 
and  water,  yields  chloroform. 

Nitrosoterpene,  CioHi5(NO). — When  gaseous  nitrosyl  chloride, 
NOCl  (obtained  by'  passing  the  gases  evolved  from  heated  nitro- 
hydrochloric  acid  into  strong  sulphuric  acid,  and  heating  the  result- 

*  Cliem.  Soc.  Jom\  ]874,  511 ;  1875,  214. 
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ing  solution  with  sodium  chloride),  is  passed  into  oil  of  turpentine 
cooled  by  ice  and  salt,  a  white  crystalline  substance  is  precipitated, 
haAang  the  composition  C\„H,„.N0C1,  and  this  when  heated  mth 
alcoholic  soda  gives  up  HCl,  and  is  converted  into  nitrosoterpene. 
On  acidulatmg  with  acetic  acid,  evaporating  to  dryness,  washing  the 
residue  with  water,  and  crystalKsing  it  from  alcohol,  the  nitrosoter- 
pene IS  obtamed  m  monocliuic  crystals  melting  at  129°-130°  and 
subhmmg  at  a  somewhat  higher  temperature.  It  burns  easily  but 
IS  not  explosive.    Sodium-amalgam  reduces  it  to  a  hycbocarbon. 

Compounds  of  Turpentine  oiZ.— Turpentine  oil  forms  several 
compounds  with  hydrochloric  acid.  The  gaseous  acid  converts  it 
mto  the  monohydrochloride,  G,Jl,,.RCl  On  the  other  hand, 
when  the  oil  is  subjected  for  several  weeks  to  the  action  of  the 
strong  aqueous  acid,  crystals  of  a  dihydrochloride,  C,nH,„  2HCI 
are  obtamed.  _  This  latter  compound  is  also  formed  by  the  action 
ot  hydrochloric  acid  gas  on  le7aon  oil:  hence  it  is  caUed  citrene 
dihydrochloride.  By  the  action  of  hydrochloric  acid  on  tere- 
bene,  the  compound  C20H32.HCI  is  formed,  called  diterebene 
hydrochloride.  Lastly,  when  a  current  of  hydrochloric  acid 
gas  IS  passed  through  a  solution  of  turpentine  oil  in  acetic  acid  the 
compound  C20H32.3HCI  is  produced,  caUed  dipyrolene  hydro- 
chloride. 

Hydrohromic  and  hydriodic  acids  form,  with  oil  of  turpentine 
compounds  analogous  in  composition  to  the  hydrochlorides ;  the 
dihycLriodide,  however,  has  not  been  obtained  from  turpentine  oil 

Whatever  method  may  be  adopted  for  preparing  the  hydro- 
chlorides, hydrobromides,  or  the  monohydriodide  of  turpentine 
oil,  there  are  always  two  isomeric  modifications  obtained— one 
liquid,  the  other  solid  and  crystaUine.  The  crystallised  mono- 
hydrochloride IS  sometimes,  though  inappropriately,  designed  as 
arhjicial  camphor,  and  the  dihydrochloride  as  lemon  camphor. 

Hydrates.— Turpentine  oil  left  in  contact  with  W£jter  generally 
changes  into  a  crystalline  compound  Q.^-R.^.ZR^O  called  terpin 
hydrate,  which  is  more  easily  obtained  by  leaving  a  mixture  of 
8  pts.  turjientme  oil,  2  pts.  nitric  acid  of  specific  gravity  1-25,  and 
1  pt.  alcohol  exposed  to  the  air  in  a  shallow  vessel.  It  foiins  rhom- 
bic crystals,  inodorous,  easily  soluble  in  water,  alcohol,  and  ether.  It 
melts  below  100°,  giving  off  water,  and  being  converted  into  a  white 
crystalline  mass  called  terpin,  having  the  composition  G^f.'R^^.m^O, 
or  C,oHi3(OH)2,  which  melts  at  103°,  and  suljlimes  in  slender 
needles  ;  with  bromine  at  50°  it  forms  a  bromide  which,  when  dis- 
tilled, yields  cymene. 

By  heating  the  aqueous  solution  of  terpin  with  a  small  quantity 
ot  hydrochloric  acid,  or  by  boiling  the  dihydrochloride,  CioHw,.2HCi 
with  water  or  alcoholic  potash,  tcrpinol',  2G^^ll^^.Y[^(),  is  obtainecl 
as  an  oil,  smelling  like  hyacinths,  and  distilling  at  168°. 

Constitution  and  Comhininrj  Capacity  of  Turpentine  Oil.  The 
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hydrocarbon  CioH.a  acts  as  a  quadrivalent  radicle,  capable  of 
iinitins  with  four  monad  atoms,  and  therefore  with  two  molecules 
of  the  acids  HCl,  HBr,  and  HI,  thereby  producing  the  dihydro- 
chlorides,  &c.,  above  mentioned  ;  but,  like  other  tetrad  radicles,  it 
can  also  take  up  only  two  monad  atoms,  producing  the  monobydro- 
chloride,  &c.  The  same  tetrad  radicle,  by  doublmg  itself,  loses  two 
units  of  equivalence,— just  as  two  atoms  of  carbon  when  united  are 
satisfied  by  six,  and  not  by  eight  atoms  of  hydrogen,— and  forms  the 
hydrocarbon,  C20H32,  which  is  sexvalent,  and  can  therefore  form  such 
compoimds  as  C20H32.3HCI.  Further,  this  same  hexad  radicle 
might  form  non-saturated  compounds  contaming  only  four  or  two 
monad  atoms ;  in  reality,  however,  only  those  containing  two  monad 
atoms  are  known,  such  as  C20H32. HCl.  n   ■,^  ■ 

If  in  the  several  hydrochlorides  each  atom  of  chlorme  be  re- 
placed by  hydroxyl,  HO,  we  obtaia  the  formulse  of  the  several 
hydrates  of  turpentine  oil;  the  hydrate  corresponding  with  the 
hydrochloride  C20H32.3HCI,  has  not,  however,  been  prepared. 

The  formation  of  cymene  from  turpentiae,  by  first  converting  the 
latter  into  the  dibromide  C^qH.^qBv^,  and  then  abstracting  H2Br2 
(p.  431),  shows  that  turpentine  oil  is  a  hydride  of  cymene.  Now 
cymene  is  methyl-propyl-benzene,  C6H4.(CH3)(C3Hj) :  hence  the 
relation  of  the  two  hydrocarbons  may  be  represented  by  the  fol- 
lowing formulse : — 


H  H  H 


\  /  )c—C 

^  Cymene.  Turpentine  oil. 

The  presence  of  two  lateral  chains  in  the  molecule  in  the  position 
1:4,  is  in  accordance  with  the  formation  of  terephthalic  acid  by 
oxidation  of  turpentine  oil.  The  other  products  of  its  oxidation  are 
likewise  in  accordance  with  this  view  of  the  constitution  of  turpen- 
tine oil.  Other  arrangements  of  the  radicles  CH3  and  C3H7  in  the 
molecule  are,  however,  conceivable,  and  may  perhaps  give  rise  to 
some  of  the  isomeric  modifications  of  turpentine  oil  and  its  con- 
geners. Other  modifications  may  arise  from  the  hydration  of  other 
metameric  forms  of  the  molecule'CioHj.!,  e.g.,  ethyldimethyl-benzene 
and  tetramethyl-benzene. 

The  formula  of  tm-pentine  oil  above  given,  in  which  the  double 
union  of  one  pair  of  carbon-atoms  in  cjinene  is  loosened,  repre- 
sents the  molecule  as  saturated.  A  similar  loosening  of  a  second 
pair  would  render  the  molecule  bivalent,  and  therefore  capable  of 
taldng  up  1  mol.  of  HCl,  HBr,  Br2,  &c.,  and  the  loosening  of  the 
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2HC1^9HBr&c  ""^^^^^    quadrivalent  and  capable  of  uniting  with 

Acids  prochiced  by  Oxidation  of  Turpentine-Oil.~Turpentme-oil 
boiled  with  dilute  nitric  acid  yields  formic,  acetic,  butyric,  oxaUc, 
terebic,  tolmc,  and  terephthalic  acids.  '      J     '  > 

Terebic  acid,  C^B^.O^,  crystallises  in  shining  prisms,  easily 
soluble  m  hot  water  and  alcohol ;  melts  at  175°,  and  sublimes  at  a 
lower  temperature.  By  distillation  it  is  resolved  into  CO,,  and 
pyroterebic  acid  CS,,0,  (p.  309).  By  boiling  with  carbonates 
it  forms  salts,  CjB,M%,  which  by  the  action  of  strong  bases  are 
converted  into  salts  CrB,,W,0„  called  diaterebates,  the  acid  of 
wnicn,  L7H12O5,  cannot  be  obtained  in  the  free  state,  as  when 
separated  ii-om  the  salts,  it  is  immediately  resolved  into  water  and 
terebic  acid. 

Terpin  heated  to  400°  with  soda-lime  is  converted  into  tereben- 
tUic  acid,  CoHioOg,  which  crystaUises  from  hot  water  and  alcohol 
in  slender  neecUes  melting  at  90°,  and  distiUing  at  250°.  By  oxida- 
tion with  chromic  acid  mLxture,  terpin  yields  terpenylic  acid, 
^siJisU^,  which  IS  monobasic,  crystallises  from  water  with  1  mol 
-tl2U,  and  melts  in  the  dehycbated  state  at  90°. 

VolatUe  or  Essential  Oils.-The  volatile  oils  obtained  from 
plants  by  pressure,  or  by  distillation  with  water,  consist  either  of 
hydrocarbons,  isomeric  or  polymeric  with  turpentine  oil,  or  of  mix- 
tures of  these  hydrocarbons  with  compounds  of  carbon,  hydrogen, 
and  oxygen.  Those  obtained  from  aurantiaceous  plants  are  terpenes 
distmgmshed  by  their  fragrant  odom-.  Lemon  oU,  from  the  rind  of 
the  fruit  of  Citrus  Limonum,  consists  mainly  of  citrene,  C,(,H,p,  a 
dextrorotatory  terpene,  closely  resembling  terebenthene,  having  a 
specific  gravity  of  0-85  at  15°,  boiling  at  167°  or  168°.  With  water 
It  forms  a  crystallised  hydrate  resembling  terpin  ;  with  hydro- 
chloric acid,  a  dihydrochloride,  CioHje.2HCl,  existing  in  a  solid  and 
liquid  modification,  and,  a  monohydrochloride,  C,rH,„.HCl,  appa- 
rently susceptible  of  similar  modification.?. 

Similar  oils  are  obtained  from  the  rind  of  the  sweet  orange 
{Utrus  aurantium),  the  bergamot  (C.  bercja.mia),  the  bigarade  or 
bitter  orange  {G.  bicjarndia),  the  lime  (C  Limetta),  the  sweet  lemon 
(C.  lumia),  and  the  citron  (C.  medica).  Oil  of  neroli,  obtained  by 
distilling  orange  flowers  with  water,  is  probably  also  a  terpene 
when  pure. 

The  volatile  oils  of  athamanta,  beech,  borneo  (from  DryabalanojK 
Camphora),  caoutchouc,  caraway,  camomile,  coriander,  elenii, 
gomart,  hop,  juniper,  imperatoria,  laurel,  jiarsley,  pepper,  savin, 
thyme,  valerian,  and  other.s,  also  the  neutral  oils  of  wintergreen 
{Gaultheria  procumhens),  and  cloves,  are  isomeric  with  oil  of  turpen- 
tine. The  oils  of  copaiba  and  cubebs  are  probably  polymeric  with 
It,  their  molecules  containing  C20H32. 

As  examples  of  volatile  oils  containing  an  oxygenised  constituent 
mixed  with  a  terpene,  may  be  mentioned  valerian  oil,  whicli  con- 
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tains  valeric  acid,  CgHjoOj ;  pelargonium  oil  containing  pelargonic 
acid,  CgHigOg ;  rue  oil,  containing  euodic  aldehyde,  CiiHjjO ;  winter- 
green  oil,  containing  acid  methyl  salicylate,  CgHgOg.  Some  vola- 
tile oils  consist  essentially  of  aldehydes :  thus  bitter  almond  oil  con- 
sists of  benzoic  aldehyde,  G^B.,P ;  the  oUs  of  cinnamon  and  cassia 
contain  cinnamic  aldehyde,  CjHgO  ;  and  those  of  anise,  star-anise, 
fennel,  and  tarragon,  contain  anethol,  CioHijO.  Those  volatile  oils 
which  exist  ready  formed  in  living  plants  do  not  appear  to  contain 
any  elements  besides  carbon,  hydrogen,  and  oxygen.  Sulphur  is 
found  only  iii  certain  oils  resulting  from  a  kind  of  fermentation 
process,  as  in  the  volatile  oils  of  mustard  and  garlic ;  nitrogen,  when 
it  occurs,  must  be  regarded  as  an  impurity  resulting  from  admixed 
vegetable  tissue. 

A  few  volatile  oils  are  found  in  the  bodies  of  animals, — oil  oi 
ants,  for  example. 

Most  volatile  oils  are  coloui-less  when  pure  ;  they  often,  however, 
have  a  yellow  colour  arising  from  impurity ;  and  a  few,  the 
oils  of  wormwood  and  camomile,  for  example,  have  a  green  or  blue 
colour,  due  to  the  presence  of  an  oily  compound  of  a  very  deep  blue 
colour,  called  cerulein.  They  have  usually  a  powerful  odour,  and 
a  pungent  burning  taste.  When  exposed  to  the  air  they  frequently 
become  altered  by  slow  absorption  of  oxygen,  and  assume  the 
character  of  resins.  They  mix  in  all  proportions  with  fat  oils,  such  as 
linseed,  nut,  colza,  and  whale  oils,  and  dissolve  freely  both  in  ether 
and  alcohol :  from  the  latter  solvent  they  are  precipitated  by  the 
addition  of  water.  Volatile  oils  communicate  a  greasy  stain  to 
paper,  which  disappears  by  warming  ;  by  this  character  any 
adulteration  with  fixed  oils  can  be  at  once  detected.  Many  volatile 
oils,  when  exposed  to  cold,  separate  into  a  solid  crystalline  com- 
pound called  a  stearopf.ene,  and  a  liquid  oil,  which,  for  distinction, 
is  sometimes  called  an  elcBoptene. 


Camphors. 

These  are  oxygenated  crystalline  compounds,  having  a  peculiar 
odour.  They  contain  10  atoms  of  carbon,  and  are  nearly  related  to 
the  terpenes,  with  which  they  are  associated  in  plants,  and  by  the 
oxidation  of  which  they  appear  to  be  formed.  The  principal  mem- 
bers of  the  group  are  common  camphor,  CjoHieO,  and  bomeo-caniphor 
or  borneol,  CjoHigO,  which  stand  to  one  another  in  the  relation  of 
a  ketone  to  a  secondary  alcohol.  The  constitution  of  these  bodies 
is  not  completely  established,  but  theix  intimate  relation  to  cymene, 
^10^14  (p.  433),  and  carvacrol,  CmHi^O  (p.  489),  cymene  being 
produced  by  heating  common  camphor  with  zinc  chloride  or  phos- 
phorus pentasulphide,  and  carvacrol  by  heating  the  same  substance 
with  iodine,  render  it  probable  that  they  and  their  nearest  products 
of  oxidation  may  be  represented  by  the  following  formula  : — 
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Conimon  Camphor,  Laurel  Camphor,  or  Japan  Camphor, 

ywi^w'^,  occurs  m  aU  pcarts  of  the  camphor-tree  of  China  and  Japan 
{Laurus  Camphora),  often  deposited  in  distinct  crystals :  it  is 
obtained  by  distilling  the  woody  parts  with  water,  and  purified  by 
siibliniation.  It  has  been  produced  artificially  in  small  quantity 
by  oxidation  of  oil  of  sage  and  oU  of  valerian  (i.e.,  of  the  terpenes 
contained  m  them)  by  nitric  acid  ;  of  turpentine  oil  by  potassium 
permanganate ;  of  camphene  (from  borneol)  by  platinum-black  or 
chromic  acid  mixture  ;  also  by  oxidation  of  cymene. 

Common  camphor  is  a  colourless  translucent  mass,  tough  and 
cuacult  to  powder,  having  a  strong  and  peculiar  taste  and  smell,  and 
a  density  ot  0-985 .  SmaU  pieces  thrown  on  water  move  about  with 
a  rotatory  motion.  It  volatilises  at  ordinary  temperatures,  melts  at 
175  and  distds  at  204°.  It  dissolves  sparingly  in  water,  easily  in 
a  cohol,  ether  acetic  acid  and  volatile  oils  ;  and  crystallises  from 
alcohoi— also  by  sublimation— in  shining  strongly  refractive  crystasl. 
Ihe  alcoholic  solution  is  dextro-rotatory  :  [a]  =  +  47-4° 

By  distillation  over  fused  zinc  chloride,  or  with  phosphoric  an- 
tiyflride,  camphor  is  resolved  into  water  and  cymene:  CioH^O^ 
^^ioWh+HjO,  considerable  quantities  of  mesitylene,  toluene, 
xylene,  and  other  hydrocarbons  being,  however,  formed  at  the  same 
time.  1  he  formation  of  cymene  takes  place  more  definitely  when 
camphor  IS  distilled  with  jthosphorus  pentasulphide,  thiocymene, 
U(,Hj3bH  being  formed  at  the  same  time.    Heated  with  iodine 

part)  It  yields  cai-vacrol.  By  heating  with  alcoholic  potash  it  is 
resolved  into  borneol  and  camphic  acid,  just  as  beuzaldehyde  is 
resolved  into  benzyl  alcohol  and  benzoic  acid : 

2CioHieO  +  KOH  -  CioHjgO  +  CioHi^KO^. 

By  heating  with  nitric  acid,  camphor  is  converted  into  camphoric 
and  camphoronic  acids  ;  heated  to  400°  with  soda-lime,  it  yields  cam- 
pholic acid,  C10H18O2. 

Camphor,  heated  with  bromine  to  110°-120°,  yields  crystalline 
CioHjjBrO  (m.  p.  75°,  b.  p.  275°),  and  CjoHi^Br.O  (m.  p.  214°, 
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h.  p.,  285°).  Camphor  dissolved  iu  chloroform  takes  up  broimne, 
forming  CioHigOBrj,  easily  converted  into  C^^R^^BtO. 

Camphor  treated  with  hypochlorous  acid,  yields  monochloro-cmi- 
plwr,  C10H15CIO,  a  crystallhie  mass  melting  at  95°  and  converted  by 
heatmg  with  alcoholic  potash  into  oxycamphor,  CjoHigOg'  which  sub- 
limes in  needles  melting  at  137°.  Camphor  heated  wdth  PCI-  yields 
the  compounds  G^^^A  and  CioHjjCl,  easily  converted,  by  abstrac- 
tion of  hydrogen  chloride,  into  cymene. 

A  solution  of  camphor  in  toluene  heated  with  sodium,  deposits  a 
mixture  of  sodium-camphor  and  sodium-borneol : 

2C10H16O  +  Na^  =  CioHijNaO  +  CioH^yNaO ; 

and  these  compounds  treated  with  CH3I  and  CgHgl,  yield  methyl- 
and  ethyl-derivatives  of  camphor  and  bomeol ;  C^^B-^^{C^^)0  is  a 
liquid  boiling  at  230°. 

When  the  sodium-compounds  are  treated  at  100°  with  COg,  the 
sodium-salts  of  camphocarbonic  acid,  C10H15O.CO2H,  and 
borneocarbonic  acid,  CioHnO.COgH,  are  produced;  and  on 
treating  the  resulting  mass  with  water,  bomeol  separates  from  the 
toluene  which  floats  on  the  surface,  and  the  aqueous  solution  mixed 
with  hydrochloric  acid  yields  a  precipitate  of  camphocarbonic  acid. 
This  acid  crystallises  from  alcohol  in  small  prisms,  melting  at  118°, 
and  is  easily  resolved  into  COg  and  camphor. 


Isomerides  of  Camphor.— By  distilling  the  essential  oil  of  feverfew 
(Pyrethrum  Parthenium),  and  collecting  apart  the  portion  which 
passes  over  between  200°  and  220°,  an  oil  is  obtained,  which,  on 
cooling,  deposits  a  crystalline  substance  resembling  common 
camphor  in  every  respect,  except  that  its  action  on  polaxised  light 
is  exactly  equal  and  opposite:  [a]=-47-4°.  The  essential  oils  of 
many  labiate  plants,  as  rosemary,  marjoram,  lavender,  and  sage, 
often  deposit  a  substance  having  the  composition  and  all  the  pro- 
perties of  common  camphor,  excepting  that  it  is  inactive  to  polarised 
light. 

Absinthol,  CjoHmO,  from  oil  of  wormwood  {Artemisia  Absinthium), 
is  liquid,  boils  at  195°,  and  is  converted  by  P2S5  into  cymene. 
Similar  liquid  camphors  are  obtained  by  oxidation  of  certain 
terpenes,  as  the  oils  of  orange  and  nutmeg.  A  polymeric  camphor, 
caryophyllin,  C20H32O2  (ni.p.  above  300°),  is  contained  in  cloves. 


Borneo-camplior  or  Bomeol,  C^oHjgO  =  CjoHir.OH,  occurs  in 

pryabalanops  Camphora,  a  tree  growing  in  Borneo  and  Sumatra:  it 
is  formed  artificially  by  heating  common  camphor  with,  alcoholic 
potash,  or  treating  it  with  sodium  (p.  599). 

Bomeol  is  very  much  like  common  camphor,  has  a  camphorous 
and  peppery  odour,  melts  at  198°,  and  boils  at  212°.    Its  alcoholic 
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solution  is  dextrorotatory.  By  heating  with  nitric  acid  it  is  con- 
verted, first  into  common  camphor,  then  into  camphoric  and  cam- 
phorouic  acids.  By  heating  with  PjOg,  it  is  resolved  into  water  and 
borneene,  CjoHjg,  apparently  identical  with  the  terpene  contained 
in  ordinary  camphor-oil  (from  Laurus  Camphora),  and  in  valerian 
oil ;  when  left  in  contact  with  potash-ley,  it  is  reconverted  into 
bomeol. 

Bomeol  is  an  alcohol,  yielding  compound  ethers  when  heated  to 
about  200°  with  organic  acids.  The  stearic  ether,  CipHiy.O.CigHs-O, 
is  a  colourless,  viscid  liquid,  which  gradually  solidifies.  By  the 
action  of  PCI5  at  ordinary  temperatures,  or  by  heating  in  a  sealed 
tube  with  HCl,  bomeol  is  converted  into  the  chloride,  C10H17CI,  a 
crystalline  substance  melting  at  146°,  and  very  much  like  the  solid 
modification  of  the  hydrochloride  of  tiirpentine-oil,  with  which  it 
is  isomeric. 

Isomeric  with  bomeol  are  the  liquid  camphors  contained  in  the 
oils  of  hops,  Indian  geranium,  cajejDut,  coriander,  and  Osmitopsis 
asterisco'ides.  Homologoiis  with  bomeol  is  Patchouli-camjohor, 
^15^280)  contained  in  oil  of  patchouli :  it  is  a  crystalline  mass, 
melting  at  54°-55°,  boiling  at  296°. 

Mint-camphor  or  Menthol,  CjoHjoO,  occurs,  together  with  a 
terpene,  in  oil  of  peppermint  {Mentha  piperita),  and  separates  in 
crystals  on  cooling  the  oil.  It  melts  at  36°,  boils  at  213°  ;  turns 
the  plane  of  polarisation  to  the  left  ;  forms  compound  ethers  with 
acids;  is  converted  by  PClg  or  HCl  into  the  liquid  chloride, 
OioHmCl,  and  by  distillation  with  PgOg  or  ZnClg  into  liquid 
menthene,  C^o^^s^  which  boils  at  163°. 


Acids  produced  by  Oxidation  of  Camphor. 

Campholic  Acid,  CioHigOg,  obtained  by  passing  camphor- 
vapour  over  heated  soda-lime,  or  by  the  action  of  potassium  on  a 
solution  of  camphor  in  petroleum,  crystallises  from  alcohol  in 
prisms  or  scales,  slightly  soluble  in  water,  melting  at  95°,  and  easily 
subliming  ;  converted  by  nitric  acid  into  camphoric  and  cam- 
phoronic  acids ;  resolved  by  distillation  with  phosphoric  anhydride 
mto  H2O,  CO2,  and  campholene,  CgHij,  boiling  at  135°. 

Camphoric  Acid,  CioHk-O^  =  C8Hi4(C02H)2,  is  obtained  by  pro- 
longed boiling  of  common  camphor  or  bomeol  with  nitric  acid : 

CioHi60-H03=CioHieO,  and  CioH,80-t-04=CioH,oO,+H20. 

It  is  dextro-  or  levo-rotatory  according  to  the  variety  of  camphor  used 
in  its  preparation  ;  a  mixture  of  the  dextro-  and  levo-rotatory  cam- 
phors in  e([ual  quantities  yields  an  inactive  camphoric  acid. 

Dextrocamphoric  acid  crystallises  from  hot  M^ater  in  colourless 
lamintc,  easily  soluble  in  alcohol,  melting  at  175°-178°,  and  decom- 
posing at  a  high  temperature  into  water  and  camphoric  anhydride. 
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CioH,403,  which  siiblimes  at  130°  in  shining  needles,  melts  at  217°, 
and  boils  at  270°. 

The  acid  is  bibasic.  The  calcium  and  barium  salts  are  easily 
soluble  in  water,  and  crystallise  well.  The  calcium  salt  is  resolved  by 
heat  into  carbonate  and  camphor-phorone:  CioHj404Ca  =  COgCa + 
CgHj^O,  isomeric  with  phorone  from  acetone  (p.  263),  a  liquid 
which  bods  at  208°,  and  does  not  yield  cymene  when  heated  with 
phosphoric  anhydride. 

Camphoric  acid  heated  with  water  to  150°-200°  is  converted  into 
two  inactive  modifications,  isocamphoric  and  paracamphoric 
acids.    The  former  crystallises  in  slender  needles  melting  at  113°. 

The  acid,  or  its  anhydride,  heated  with  bromine  to  130°-150°, 
yields  bromocamphoric  anhydride,  CioHj3Br03,  which  crystallises  in 
needles  melting  at  215°,  and,  when  boiled  with  water,  is  converted 
into  the  monobasic  acid,  CjpH^404  (oxycamphoric  anhydride  or  cam- 
phanic  acid),  melting  at  201  ,  and  subliming  at  110°.  This  acid,  or 
oxyanhydride,  heated  with  water  to  181°,  yields  a  hydrocarbon 
CgHj^,  boiling  at  120°. 

Camphoronic  acid,  CgH^jOj,  and  Oxycamphoronic  acid, 
CgHijOg,  are  contained  in  the  mother-liquor  of  the  preparation  of 
camphoric  acid.  The  former  crystallises  from  water  in  slender 
needles  with  1  mol.  HgO,  which  it  gives  off  at  110°;  melts  in  the 
dehydrated  state  at  115°;  and  distils  without  decomposition.  The 
oxyacid,  CgHi^Og,  crystallises  in  long  prisms  melting  at  164*5°. 


Resins  and  Balsams. 

Common  resin,  or  colophony,  is  perhaps  the  best  example 
of  the  class.  It  is  the  resinous  substance  which  remains  when 
turpentine  or  pine-resin  is  heated  till  the  water  and  volatile  oil 
are  expelled,  and  consists  essentially  of  sylvic  or  abietic  acid, 
^20^3002.  On  boiling  the  resin  for  a  long  time  with  alcohol  of 
about  80  per  cent.,  filtering,  and  adding  a  little  water,  the  sylvic  acid 
separates  in  the  crystalline  state.  It  crystallises  from  alcohol  in 
laminae  melting  at  129°.  It  is  monobasic ;  its  alkali-salts  axe 
soluble  and  crystallisable. 

An  acid  called  pimaric  acid,  isomeric  Math  sylvic  acid,  is 
obtained  from  the  turpentine  of  the  Pinus  maritima  of  Bordeaux. 

Lac  is  a  very  valuable  resin,  much  harder  than  colophony,  and 
easily  soluble  in  alcohol :  three  varieties  are  knoum  in  commerce 
—viz.,  stick-lac,  seed-lac,  and  shellac.  It  is  used  tu  varnishes,  and 
in  the  manufacture  of  hats,  and  very  largely  in  the  preparation  of 
sealing-wax,  of  which  it  forms  the  chief  ingredient.  Crude  lac 
contains  a  red  dye  called  lac-dye,  which  is  partly  soluble  in  water. 
Lac  dissolves  in  considerable  quantity  in  a  hot  solution  of  horax  ; 
Indian  ink,  rubbed  up  with  this  liquid,  forms  an  excellent  label-ink 
for  the  laboratory,  as  it  is  unaffected  by  acid  vapours,  and,  when 
once  dry,  becomes  nearly  insoluble  in  water. 

Mastic,  daimnar-resin,  and  sandarac  are  resins  largely  used  by  the 
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varnish  maker.  Dragon's  Hood  is  a  resin  of  a  deep  reel-colour. 
Copal  is  also  a  very  valuable  substance  :  it  differs  from  the  other 
resms  in  being  but  slowly  cUssolved  by  alcohol  and  essential  oils. 
It  IS  nuscible,  however,  in  the  melted  state  with  oils,  and  is  thus 
made  into  varnish.  Amher  appears  to  be  a  fossil  resin  :  it  is  found 
accompanying  browii-coal  or  lignite. 

Most  resins,  when  exposed  to  destructive  distillation,  yield  oily 
pyro-products,  usually  consisting  of  hydi'ocarbons. 

Caoutchouc,  or  India-rubber,  the  thickened  milky  juice  of 
several  species  of  Ficus,  Euphorbia,  and  other  trees  growing  in 
tropical  coimtries,  is  essentially  a  mixtui-e  of  several  hydrocarbons 
isomeric  or  polymeric  with  turpentine  oil.  When  pure  it  is  nearly 
white,  the  dark  colour  of  commercial  caoutchouc  being  due  to  the 
effects  of  smoke  and  other  impurities.  It  is  softened  but  not  dis- 
solved by  boiling  water  :  it  is  also  insoluble  in  alcohol.  In  pure 
ether,  rectified  petroleum,  and  coal-tar  oil,  it  dissolves,  and  is  left 
unchanged  on  the  evaporation  of  the  solvent.  Oil  of  turpentine 
also  dissolves  it,  forming  a  viscid,  adhesive  mass,  which  dries  very 
imperfectly.  At  a  temperature  a  little  above  the  boiling  point  of 
water,  caoutchouc  melts,  but  never  afterwards  returns  to  its  former 
elastic  state.  Few  chemical  agents  affect  this  substance  :  hence  its 
great  use  in  chemical  investigations,  for  connecting  apparatus,  &c. 
By  destructive  distillation  it  yields  a  large  quantity  of  a  thin, 
volatile,  oily  liquid,  of  naphtha-hke  odour,  caUed  caoutchoucin, 
which  dissolves  caoutchouc  with  facility.  This  oil,  according  to 
Mr.  Greville  WiUiams,  is  composed  of  two  polymeric  hydro- 
carbons :  caoutchin,  CioHje,  boiling  at  171°,  and  isoprene,  aH«, 
boilmgat37°.  ±-'6  8' 

paoutchouc  combines  with  variable  proportions  of  sulphur.  The 
mixtures  thus  obtained  are  called  vulcanised  India-rubber :  they  are 
more  permanently  elastic  than  pui-e  caoutchouc. 

Vulcanite,  or  Ebo^iite,  is  caoutchouc  mixed  with  half  its  weight  of 
sulphur,  and  hardened  by  pressure  and  heating.  It  is  very  hard, 
takes  a  high  polish,  and  is  used  for  making  combs,  knife-hancUes, 
buttons,  &c.  It  is  also  especially  distinguished  by  the  large  quan- 
tity of  electricity  which  it  evolves  when  rubbed:  hence  it  makes  an 
excellent  material  for  the  plates  of  electrical  machines. 

Gutta-percha,  the  hardened  milky  juice  of  Isonandra  gutta,  a 
large  tree  growing  in  Malacca  and  many  of  the  islands  of  the 
Eastern  Archipelago,  is  similar  in  composition  to  caoutchouc,  and 
resembles  it  in  many  of  its  properties,  but  is  harder  and  less  elastic. 
It  is  quite  insoluble  in,  and  impervious  to  water,  and  being  also  an 
excellent  electric  insulator,  is  extensively  used  as  a  casing  for  sub- 
marine telegraph  wires.  By  dry  distillation  it  yields  isoprene, 
caoutchin,  and  a  heavy  oil  called  lieveene,  probably  polymeric  with 
these  bodies. 

Balsams  arc  natural  mixtures  of  resins  with  volatile  oils.  They 
differ  very  greatly  in  consistence,  some  being  quite  fluid,  otiiers 
solid  and  brittle.    By  keeping,  the  softer  kinds  often  become  hard 
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Balsams  may  be  conveniently  divided  into  two  classes — viz.,  those 
which,  like  cominon  and  Venice  turjjentine,  Canada  balsam,  Copaiba 
balsam,  &c.,  are  merely  natural  varnishes,  or  solutions  of  resins  in 
volatile  oils,  and  those  which  contain  benzoic  or  chinamic  acid  in 
addition,  as  Pern,  and  Tolu  balsams,  and  the  solid  resinous  benzoin, 
commonly  called  gum-benzoin  (p.  531). 


Gliicosides. 

This  name  is  given  to  a  class  of  bodies,  very  widely  diffused  in 
the  vegetable  kingdom,  which  are  resolved  by  boiling  with  dilute 
acids  or  alkalis,  or  bj^  the  action  of  ferments,  into  glucoses  (mostly 
dextrose),  and  some  other  substance.  They  are  therefore  analogous 
in  constitution  to  the  artificial  glucosides  which  Berthelot  obtained 
by  heating  glucose  with  organic  acids  (p.  196) ;  none  of  them  have, 
however,  been  formed  artificially.  The  following  are  the  most  im- 
portant : — 

iEsculin,  C21H24O13,  is  a  crystalline  fluorescent  substance  obtained 
from  the  bark  of  the  horse-chestnut  and  other  trees  of  the  genera 
^sculus  and  Pavia.  It  has  a  bitter  taste,  is  slightly  soluble  in 
water  and  alcohol,  more  soluble  in  the  same  liquids  at  the  boiling 
heat,  nearly  insoluble  in  ether.  It  is  coloured  red  by  chlorine. 
By  boiling  with  hydrochloric  or  dilute  sulphuric  acid,  it  is  resolved 
into  glucose  and  a  bitter  crystalline  substance  called  aasculetin, 

+  3H2O  =  SCeHi^Oo  +  CgHeO,. 

The  aqueous  solution  of  aesculin  is  highly  fluorescent,  the  reflected 
light  being  of  a  sky-blue  colour.  Nearly  the  same  fluorescent  tint 
is  exhibited  by  an  infusion  of  horse-chestnut  bark.  The  colour  of 
the  latter  is,  however,  slightly  modified  by  the  presence  of  another 
substance,  paviin,  which  exhibits  a  blue-green  fluorescence;  it  may 
be  separated  from  a3sculin  by  its  greater  solubility  in  ether, 
.^scufin  and  paviin  appear  to  exist  together  in  the  Ijarks  of  aU 
species  of  ^sculus  and  Pavia, — ajsculin  being  more  abundant  in  the 
former,  and  paviin  in  the  latter. 

Amygdalin,  C20H27NO11,  is  a  crystalline  body  existing  in  bitter 
almonds,  the  leaves  of  the  cherry-laurel  (Cerasiis  Laurocerasus),  and 
many  other  plants  which  by  distillation  yield  hydrocyanic  acid  and 
bitter-almond  oil,  C^HgO.  To  prepare  it,  the  almonds,  previously 
freed  from  fixed  oil  by  pressure,  are  exhausted  with  boiling  alcohol, 
and  the  concentrated  solution  is  mixed  with  ether. 

Amygdalin  crystallises  from  alcohol  in  white  shining  lamiufe,  has 
a  bitter  taste,  dissolves  easily  in  water  and  in  hot  alcohol ;  from 
water  it  crystallises  in  prisms  containing  SHjO. 

By  boiling  with  dilute  acids,  and  by  contact  with  water  and 
■emulsin  or  synaptase,  a  ferment  contained  in  bitter  almords, 
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amygdalin  is  resolved  into  bitter  almond  oil,  glucose,  and  hvdro- 
cyamc  acid: 

aoH^^NOi,  +  2H2O  =  C-H„0  +  CNH  +  2C,}I,,0,. 

When  amygdalin  is  boiled  with  alkalis,  its  nitrogen  is  separated 
asammonia  and  amygdalic  acid,  C,,R,,0,„  is  formed,  which  by 
boiling  with  dilute  acids  is  resolved  into  mandelic  acid  and 
glucose. 

Arbutin,  C^^^^^O^,  from  the  leaves  of  the  bear-berry  (Arbutus 
uya  Mm),  crystallises  in  slender  needles,  having  a  bitter  taste  and 
dissolving  easily  in  water,  alcohol,  and  ether.  By  boilino-  'with 
dilute  acids  it  is  resolved  into  glucose  and  hydxoquinone  : 

C,,K,,Or  +  H^O  =  C,-R,,0,  +  CoH.COH)^. 

It  dissolves  in  strong  nitric  acid,  forming  C,,-H,,(m,),Or,  which 
splits  up  into  glucose  and  dinitrohydroquinone. 

Chitin,  CgHigNOg,  is  the  substance  which  forms  the  elytra  and 
mteguments  of  insects,  and  the  carapaces  of  crustaceans.  It  is  best 
prepared  by  boiling  the  wing-cases  of  cockchafers  with  water 
alcohol,  ether  acetic  acid,  and  alkalis  in  succession,  as  lono-  as 
anythmg  IS  dissolved  out  by  each.  According  to  Stadeler,  it  is 
resolved  by  boiling  with  dilute  acids  into  glucose  and  lactamide, 


CoHisNOe  +  2H,0  =  C,H,,0,  +  C.Ti.m,. 
Coniferin,  G^JI^^^Og,  occurs  in  the  cambial  juice  of  coniferous 
plants,  and  separates  therefrom  on  concentration  in  stellate  groups 
,^^e^\les,  having  a  satiny  lustre,  and  containing  2H,0, 
which  they  lose  by  efflorescence.  By  boiling  with  dilute  acids  it  is 
resolved  into  dextrose  and  a  resin;  in  contact  with  emulsin,  into 
dextrose  and  coniferyl  alcohol.  By  oxidation  with  chi-omic  acid 
mixture  it  yields  vanillin  (p.  512). 

Convolyulin,  GsJl,^O^g,  is  obtained  from  jalap  root  (Convolulus 
schtedanus)  by  extraction  with  alcohol.  It  is  a  guuimy  mass  havin- 
a  strong  purgative  action;  dissolves  in  alkalis  as  convolviilic  acicf 
^31^52^17.;  resolved  by  acids  and  by  emulsin  into  de.xtrose  and 
convolvulinol,  Ci3H2403,Vwhich  is  converted  by  alkaKs  into  con- 
yolvii  inolic  acicf,  C,,R^,0^.  This  latter  is  a  monobasic  acid,  which 
IS  oxidised  bymtricacid  to  iponiajic  acid,  C,oH,„04  =  CoH,„(CO.,HV 
isoraenc  with  sebacic  acid  (p.  351).         '        m  i      s   loK  in.h, 

Jalappm,  G  H^^Oi„,  from  the  root  of  Convolvulus  orizahensis 
closely  resembles  c(mvolvulin,  and  yields  analogous  products  of 
decomposition.  01 

Glycyrrhizin,  G2^TI.,„0g  ;  Liquorice-sugar.  —  The  root  of  the 
ccjmmon  lujuorice  yields  a  large  quantity  of  a  peculiar  sweet  sub- 
stance, which  is  soluble  in  water,  but  does  not  crystallise  •  it 
cannot  be  made  to  ferment.  Qlycyrrhizin  forms  difficultly  soluble 
compounds  with  acids ;  it  is  precipitated  from  its  solution  by  lead 
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calcium,  and  barium  salts,  the  precipitate  consisting  of  glycyrrhizin 
in  combination  with  the  base.  When  boiled  with  dilute  acids,  it 
splits  into  a  resinous  body  called  glycyrretin,  CigHgoOi,  and 
glucose ; 

C24H3GO9  +  Hj,0  =  CigH^flO^  + 

Myronic  Acid,  C10H19NS.2O10,  an  acid  existing  as  a  potassium 
salt  m  the  seed  of  black  mustard,  is  resolved  by  the  action  of 
myrosin,  an  albuminous  ferment  likewise  contained  in  the  seeds, 
into  volatile  oil  of  mustard  (allyl  sulphocyanate),  glucose  and 
sulphuric  acid : 

CioHigKNSaOio  =  C3H5.CNS  +  G^Hifie  +  SO4HK. 

Phlorizin,  C.2iH240i(,.2H20,  is  a  substance  bearing  a  great  like- 
ness to  salicin,  found  in  the  root-bark  of  the  apple  and  cherry-tree, 
and  extracted  by  boiling  alcohol.  It  forms  fine,  colourless,  silky 
needles,  soluble  in  1000  parts  of  cold  water,  but  freely  dissolved  by 
that  liquid  when  hot;  it  also  dissolves  easily  in  alcohol.  Dilute 
acids  convert  phlorizin  into  glucose  and  a  crystallisable  sweet  sub- 
stance called  phloretin : 

Phlorizin,  fused  with  potash,  yields  phloretic  acid,  C9H10O3, 
a  beautifully  crystalline  acid,  homologous  with  salicylic  and  anisic 
acids,  together  with  phloroglucin,  CgHg03 . 

Q,uercitrin  is  a  crystallisable  yellow  colom'ing  matter  occurring 
in  quercitron  bark,  the  bark  of  Querciis  infectoria,  whence  it  is 
extracted  by  boiling  with  water.  Its  composition  has  been  variously 
stated ;  indeed  it  is  by  no  neans  certain  that  the  so-called  querci- 
trins  examined  by  different  chemists  were  really  identical  sub- 
stances. According  to  Hlasiwetz  and  Pfaundler,  it  contains 
C33H30O17,  and  is  resolved  by  boiling  wath  dilute  acids  into 
another  yellow  crystalline  body  called  quercetin,  and  isodulcite 
(p.  190): 

C33H30O1,    +    H^O    =  +    CoH„Ofi-  ■ 

Quercitiin.  Quercetin.  Isodulcite. 

Salicin,  CjgHjgOy,  is  a  crystallisable  bitter  substance  contained 
in  the  leaves  and  young  bark  of  the  poplar,  willow,  and  several 
other  trees.  It  may  be  prepared  by  exhaustmg  the  bark  with 
boiling  water,  concentrating  the  solution  to  a  small  bulk,  digesting 
the  liquid  with  powdered  lead  oxide,  and  then,  after  freeing  the 
Bolutioii  from  lead  by  a  stream  of  sulphuretted  hydrogen  gas, 
evaporating  till  the  salicin  crystallises  out  on  cooling.  It  is 
purified  by  treatment  wath  animal  charcoal  and  recrystallisation. 

Salicin  forms^  small,  white  silky  needles,  havuig  an  intensely 
bitter  taste,  but  no  alkaline  reaction.  It  melts  and  decomposes 
by  lieat,  burning  with  a  bright  flame,  and  leaving  a  residue  of 
charcoal.    It  is  soluljle  in  5 -(3  parts  of  cold  water,  and  in  a  much 
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]^°ili^g>ot.  Oil  of  Vitriol  coloiu-s  it  deep 
led  When  cUstilled  with  a  mixture  of  potassium  bichromate  and 
sulphunc  acid,  it  yields  salicylal  and  other  products 

bahcm  under  the  influence  of  the  emulsin  or  synaptase  of  sweet 
almonds,  is  resolved  into  glucose  and  saligenin,  C^HA  (p  505) 

SaUcin  yields,  with  chlorine,  substitution-products  which  are 
decomposed  by  syiiaptase  in  the  same  manner  as  salicin  itself 
yiekhng     chlorosaigemn,    C,H,C10,     and  dichlorosaUgeil; 
W,?K   r^'         ■      -r^'''"  """'"^  converts  salicin  into  heUcin 
cXN™4T;.Sd'  "  —cylic  .cm; 

Populin,  C20H22O8,  is  a  substance  resembling  salicin  in  aunear 
Znd'n^P  but  having  a  sweet  puSgent  taste.  T  L 

toimd  accompanying  sahcm  in  the  bark  and  leaves  of  the  aspen 
It  has  the  composition  of  benzoyl-salicin,  C„H,,(C,H  0)o7  fmi 
when  heated  with  dilute  acids,  is  /esolved  iito  ben  oic  acM  andTe 
products  of  decomposition  of  salicin,  namely,  saliretin  and  ^Mcose 

Ci3Hi.(C,H,0)0,  +  H,0  =  CVH^O^  +  C,TI,0  +  C,H,,0«. 

With  potassium  dichromate  and  sulphuric  acid,  populin  vields  a 
considerable  quantity  of  salicylal.  ^  ^       ^  ^ 

Helicin,  CigHigOj,  is  a  white,  crystalHne,  slightly  bitter  sub 
stance,  produced  by  the  action  of  very  dilute  nitric  acid  upo • 
C13H13O,  +  0  =  H^O  +  CigHieO,. 

i^s\^itSvThp''^';-^  cold,  freely  soluble  in  boiling  water,  and 
IS  lesolved  by  the  action  of  synaptase,  or  of  acids  or  alkalis  at  the 
boilmg  heat,  into  glucose  and  salicylal : 

CisHioO,  +  B.,0  =  C,R,,0,  +  C^HsOg. 

actfrotdi^^f^''^^'  -r  ^i3H,,(C,H,0)0„  produced  by  the 
action  ot  dilute  nitric  acid  on  benzo-salicin,  is  resolved  in  like 
mamier  into  benzoic  acid,  salicylal,  and  glucos^  : 

C20H20O8  +  2H3O  =  C,R,0,  +  CrH,0,  +  C,R,,0,. 

Bitter  Principles  of  Plants. 

J^T^  u  neutral  bodies  of  somewhat  indefinite  chemical  charac- 
grou  s  present  be  included  in  any  of  the  preceding 

Afoin  is  a  constituent  of  aloes,  the  inspissated  juice  of  various 
species  of  aloe,  and  is  extracted  hy  treating  the  aloes  with  waS 
It  IS  easily  soluble  in  warm  water  and  alcohol,  and  crystallises  in 
slender  needles.    It  is  very  Intter  and  strongly  purgative. 

AJoin  Irom  Barbadoes  aloes  has  tiie  composition  C,,H,„0,  •  thnf- 
from  Natal  aloes  is  C3,H330^,  =  2C,,llJ,  +  H,0.  "  C  former 


608  COLOUEING  MATTEES. 

(barbaloin)  heated  with  nitric  acid  yields  aloetic  acid  Ci4H,(N02)402 
tocrether  with  oxalic,  picric  and  chiysamnuc  acids ;  the  latter 
(nataloin)  yields  picric  and  oxalic  acids,  but  no  chrysammic  acid. 

Athamantin,  C.HgoOy,  obtained  from  the  roots  of  ^i/iamania 
Oreoselinum  by  extraction  with  ether,  crystallises  from  alcohol  and 
ether  in  slender  needles  melting  at  79°.  |By  boiling  with  hydrochloric 
acid  it  is  resolved  into  valeric  acid  and  oreoselone,  C14H10O3 : 

C24H30O,  =  2C6H10O2  +  C14H10O3. 
By  further  boiling  with  dilute  hydrochloric  acid,  oreoselone  is  con- 
verted into  oreoselin,  Cj^HiaO^. 

Cantharidin,  C5H0O2,  is  the  vesiccating  principle  of  Spanish 
flies  and  some  other  insects,  and  may  be  extracted  with  ether.  It  crys- 
tallises in  four-sided  prisms  or  laminse,  dissolves  in  hot  alcohol  and 
ether,  melts  at  250°,  and  sublimes  at  a  lower  temperature.  Heated 
with 'alkalis  it  dissolves,  forming  salts  of  cantharidic  acid,  e.g., 
C  H-KO3,  from  which  acids  reprecipitate  cantharidin. 

^Carotin,  CigHa^O,  a  substance  deposited  in  small  crystals  in  the 
cells  of  the  red  carrot,  crystallises  from  alcohol  ia  red-brown  cubes 
melting  at  168°. 

Fenced anin,  C^iRifig,  from  the  roots  of  Peucedanum  officinale, 
crystallises  from  alcohol  in  shining  prisms  melting  at  75°.  Boiled 
with  alcoholic  potash  it  ig  resolved  into  angelic  acid  and  oreoselia. 

Picrotoxin,  OigHiA'  is  extracted  by  alcohol  from  cocculus 
grains  (the  seeds  of  Menispermvm  Goccukis);  crystallises  m  slender 
needles';  very  bittter  and  poisonous. 

Santonin,  CisHigOg,  is  the  active  principle  of  wormseed  (from 
Artemisia  santonica),  from  which  it  may  be  extracted  by  boiling 
with  nulk  of  Hme  and  precipitation  by  hydrochloric  acid.  It  crys- 
tallises fr-om  hot  alcohol  in  shiniag  prisms  melting  at  170°  ;  dis- 
solves in  alkalis,  forming  salts  of  santoninic  acid,  CigHjoO^. 

Colouring  Matters. 

The  most  important  colouring  matters  of  vegetable  origin,  viz., 
the  indigo  and  madder  dyes,  have  afready  been  described. 

Braziliu,  C^^H-uOi,  the  colouring  matter  of  Brazil  wood,  crystal- 
lises in  smaU  yellow  prisms,  which  dissolve  in  alcohol  with  reddish 
yellow,  in  alkalis  with  crimson  coloiu'  ;  the  solution  is  decolorised 
by  sulphurous  acid  and  zinc-dust.  Nitric  acid  converts  brazilin  into 
ti-initroresorcin. 

Carniinic  acid,  CifHioOio,  occiu-s  in  the  flowers  of  Monarda 
didyma  and  a  few  other  plants,  and  more  abundantly  m  cochmeal, 
an  insect  {Coccus  Cacti)  li^dng  on  various  species  of  cactus.  To  ob- 
tain the  carminic  acid,  the  aqueous  decoction  of  the  insects  is  preci- 
pitated by  lead  acetate,  and  the  pm-e  lead  carminate  washed  and 
decomposed  by  hydrogen  sulphide  ;  the  colouring  matter  thus 
sepai-atcd  is  again  submitted  to  the  same  treatment.  A  solution 
of  caruiinic  acid  is  thus  obtained,  which  is  evaporated  to  cbyii'ess, 
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redissolved  in  absolute  alcohol,  digested  wth  crude  lead  carbonate 
whereby  a  small  quantity  of  phosphoric  acid  is  separated,  and 
lastly,  nuxed  with  ether,  M'hich  separates  a  trace  of  a  nitroo-en- 
crimTnL  Sd  ■  """'^  obtained  on  evaporation  is  pure 

,  It  is  a  purple-broivn  mass,  yielding  a  fine  red  powder,  soluble 
m  water  and  alcohol  m  aU  proportions,  slightly  soluble  in  ether 
it  dissolves  without  decomposition  in  concentrated  sulphuric  acid 
but  IS  reacbdy  attacked  by  chlorine,  bromine,  and  iodine,  which 
change  its  colour  to  yellow.  It  resists  a  temperature  of  136° 
but  IS  charred  when  heated  more  strongly.  Carminic  acid  is 
bibasic,  and  forms  coloured  salts.  By  boiling  with  dilute  sul- 
phuric acid  It  IS  resolved  into  a  non-fermentable  sugar  and  car- 
mine-red, Boiled  with  nitric  acid  it  yields  oxalic  acid 
rnl/  f"-^'  G8H,(NO,)303.HA  which  crystalKses 
t  ^alo^  '^'^'g  P^''^*''"'  ^"^^  ^^en  heated  with  water 
C  rNO  W^Vvnwfnn  «°  trinitro-cresotic  acid, 
Cc(iN02)3(CH3)(OH).C02H.  Cochineal  is  used  for  givino-  a  red 
colour  to  silk  and  wool.  &  e, 

Carthamin,  C^'H^a^is  the  red  colouring  matter  of  the  petals 
ot  the  safflower  (Oarthamus  tinctorius).  It  is  prepared  by  exhaust- 
ing the  flowers  with  cold  water  to  remove  a  yellow  substance 
and  treating  the  residue  with  a  dilute  solution  of  sodium  car- 
bonate; this  dissolves  the  carthamin,  which  maybe  precipitated  by 
acetic  acid  as  a  dark  red  powder  having  a  green  metaUic  lustre 
when  dry.  It  dissolves  in  alcohol  and  alkalis  with  a  fine  red 
colour  which,  however,  is  very  fugitive.  By  fusion  with  potash 
it  yields  paraoxybenzoic  and  oxalic  acids.  Carthamin  is  used  for 
ayemg  silk,  and  as  a  cosmetic. 

Chlorophyll,  or  Leaf-green,  is  contained,  together  with  wax 
and  other  substances,  in  the  chlorophyll  granules  which  occur  in 
au  the  green  parts  of  plants,  and  may  be  obtained  by  exhaustinn- 
tliese  organs  with  ether,  and  treating  the  residue  with  alcohol,  iS 
winch  the  chlorophyll  is  easily  soluble.  It  dissolves  also  in  strono- 
nydrochloric  acid.  Its  composition  is  not  known,  but  iron  appears 
to  be  an  essential  constituent. 

Curcumiu,  CjoHigOg,  is  the  colouring  matter  of  turmeric.  It 
clis.solves  easily  in  alcohol  and  ether,  sparingly  in  carbon  sulphide, 
and  in  cold  benzene,  and  is  best  extracted  from  the  root  by  boilincr 
•  benzene.  It  forms  orange-yellow  crystals,  and  exhibits  in  solution 
a  green  fluorescence.  From  its  brown-red  solutifm  in  alkalis,  it  is 
precipitated  by  acids  as  a  yellow  powder.  Tlie  yellow  tint  of 
paper  stained  with  turmeric  is  turned  brown  by  alkalis  and  restored 
by  acids 


Euxanthic  acid,  C,„IIiflO,o,  occurs  as  a  inagnesiiim  salt  in  Puma 
or  Indian  yellow,  a  yellow  colouring  matter  of  unknown  orifdn 
imported  from  India  'and  Cliina.    The  euxanthic  acid  is  obtained 


Dy  (ligestmg  the  mass  with  dilute  liydi'ochloric  acid,  and  exhaustino- 
with  alcohol.    It  dissolves  easily  in  alcohol  and  ether,  and  crystal 
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lises  in  shining  yellow  prisms.  Euxantluc  acid  is  resolved  by 
strong  sulphiuic  acid  into  a  saccharine  substance  and  euxanthone 
G,M%,  which  sublimes  in  yellow  neecUes.  _  Euxanthone  fused 
with  potash  yields  hrst  euxanthonic  acid,  C.^S-wO^^  then 
hydi-oquinone.  Strong  nitric  acid  converts  it  into  trinitroresorcm, 
and,  on  the  other  hand,  resorcin  heated  with  oxalic  and  sulphuiic 
acid,  appears  to  yield  euxanthone.  _  r  i  i 

Hematoxylin,  C,,Ti,fi„  the  colouring  matter  of  logwood, 
crystallises  with  3  mol.  H^O  in  pale-yellow  prisms  ;  has  a  sweetish 
taste  ;  dissolves  easily  in  water,  alcohol,  and  ether  fornimg  dextro- 
rotatory solutions.    With  acetyl  chloride,  it  iorins  OifiHg^CgilaU^oUe,. 

By  exposure  to  the  air  in  ammoniacal  solution,  it  is  converted 
into  hematein-ammonia,  C„,Hii(NH,)06,  which,  on  spontaneous 
evaporation,  is  deposited  in  dark  violet  crystals.  Acetic  acid  added 
to  the  solution  throws  down  hematem,  CjeHigOg,  as  a  red- brown 
precipitate,  having  a  metaUic  lustre  when  dry,  and  dissolving  m 
alkalis  with  a  fine  violet-blue  colour.  Sulphurous  acid  and  otlier 
reducing  agents  reconvert  hematein  into  hematoxylin.  The  latter, 
fused  witirpotash,  yields  pyrogaUol. 


Alkaloids. 

This  term  is  sometimes  used  as  a  general  name  for  organic  bases, 
but  it  is  more  especially  applied  to  those  which  occur  ready  formed 
in  the  bodies  of  plants  and  animals,  and  those  which  are  produced 
by  the  destructive  distillation  of  complex  organic  bodies.  All  these 
bases,  like  the  amines  already  described,  are  derivatives  of  ammonia, 
but  their  molecular  structure  is  for  the  most  part  unknown.  Those 
which  are  free  from  oxygen  are  volatile  ;  those  which  contam  that 
element  are  decomposed  by  distillation. 

NON-OXIDISED  VOLATILE  BASES. 

Pyridine  Bases,  CnH2n-5N.— These  bases,  metameric  with 
aniline  and  its  homologues,  are  contained  in  coal-tar  naphtha,  and 
in  the  volatile  oil  called  Dippel's  oil  {Oleum  animale  DimKlii), 
obtained  by  the  distillation  of  bones  and  other  animal  matters. 
They  are  aU  liquid  at  ordinary  temperatures,  and  react  as  tertiary 
monamines.    Their  formidffi  and  boiling  points  are  as  follows  :— 


Pyridine, 
Picoline, 
Lutidine, 
CoUidine, 


C,H„N, 


B.P. 

117 

133° 
154= 
179° 


Parvoline, 
Coridiiie, 
Bubidine, 
Viridine, 


C10H15N, 


B.P. 

188° 
211° 
230° 
251° 


Pyridine  is  said  to  be  formed  artificiallv  by  heating  amyl  nitrate 
with  phosphoric  oxide :  C^H^iNOg  -  SHoO  =  CfiH^N .  When  heated 
with  sodium  it  is  converted  into  dipyridine,  CjoHioNg,  a  crystal- 
line base  which  melts  at  108°,  and  sublimes  at  higher  temperatures 
in  needle-shaped  crystals. 
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Picoline  (metameric  with  aniline),  first  obtained  by  Anderson 
from  coal-tar  naphtha,  is  a  mobile  liquid,  having  a  strong,  persis- 
tent odour,  and  acrid,  bitter  taste  :  sp.  gr.  0-955.  It  remains  liquid 
at  - 18  ,  and  volatilises  quickly  in  the  air.  It  is  strongly  alkaline 
to  test-paper,  mixes  with  water  in  all  proportions,  and  forms 
crystaUisable  salts. 

Dippel's  oil  likewise  contains  methylamine  and  several  of  its 
homologues. 

Chinoline  Bases,  C„H2n-iiN.— Three  bases  of  this  series,  vi^.: 
CoH.N  CioHgN  C,JI,,N 

Chinoline.  Lepidine.  Cryptidine. 

are  produced  by  distillation  of  quinine,  cinchonine,  and  a  few  other 
natural  alkaloids,  with  potassium  hydroxide ;  and  other  bases  iso- 
meric with  them,  viz.,  leucoline,  CgHjN,  iridoline,  C.rB.r.'E,  &c 
are  contamed  m  coal-tar  naphtha,  and  distil  over  after  the  pyridine 
bases  (above  200°).  They  are  oily  liquids  insoluble  in  water, 
easily  soluble  m  alcohol  and  ether.  They  are  tertiary  amines 
yielding  ammomum-bases  when  treated  with  ethyl  iodide  and  silver 
oxide._  These  salts  are  crystalline,  and  easily  soluble. 
.  Chinoline,  C9H7N",  is  a  mobile,  strongly  refracting  liquid  boil- 
ing at  238°  and  having  a  sp.  gr.  of  1-081  at  0°.  Heated  with  amyl 
iodide,  it  forms  the  compoimd  (CaH7)(C5Hij)NI,  which  is  converted 
by  heating  with  potash  into  cyanine,  CsgH^^NI,  a  fine  blue  dye- 
stutt  which  crystallises  in  green  metallicaUy  lustrous  plates,  and 
dissolves  with  blue  colour  in  alcohol.  A  similar  blue  colour  is 
obtamed  with  lepidine,  and  a  mixture  of  the  two  has  been  used  for 
dyemg  silk. 

LeiicoUne,  CgH^N,  from  coal-tar  oil,  boils  at  about  220=,  and  does 
not  yield  cyanine. 

Lepidine,  from  cinchonine,  boils  at  266°-270°  ;  the  isomeric  base 
from  coal-tar  boils  at  252°-257°. 


Conine,  CgHigN,  is  contained  in  hemlock  {Conium  imiculatum), 
especially  m  the  seeds,  and  is  obtained  therefrom  by  distiUation 
■with  potash-ley.  It  is  a  colourless  oily  liquid,  having  a  pungent, 
1  ^^^^    ^'^^y  poisonous. '  Sp.  gr.  0-89.  Boiling  point 

168  .  It  dissolves  easily  in  alcohol  and  ether,  sparmgly  in  water, 
and  forms  crystalline  deliquescent  salts,  which,  like  the  base  itself 
tiirn  brown  in  contact  with  the  air.  With  oxidising  agents  conine 
yields  })utyric  acid. 

Conine  is  a  secondary  monamine.  Treated  with  ethyl  iodide  it 
yields  successively  two  iodhie-comiiounds-namely,  C8Hjs(C2Hr,)NI 
and  CoHi,,(C2H5)2NI.  The  latter  is  converted  by  silver  oxide  into 
a  soluble  base. 

Paraconvne,  isomeric  with  conine,  is  formed  artificially  by  heatinv 
normal  butyric  aldehyde,  CJIsO,  with  alcoholic  ammonia,— wherebg 
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dibutyraldine  is  obtained,  having  tlie  composition  CgHi^NO 
r  =  2C,HoO  +  NH,-H,01— and  subjecting  this  base  to  dry  distilla- 
tion :  C„H,,NO  -  Hp  =  CgHisN.  It  is  a  violent  poison,  acting  m 
the  same  manner  as  the  natural  base.  But  it  is  less  soluble  in 
water,  more  expansible  by  heat,  and  exhibits  somewhat  difterent 
reactions  with  .hydrochloric  acid,  silver  nitrate,  and  gold  chloride. 
With  ethyl  iodide  it  forms  the  iodide  of  an  ammomnm-base,  con- 
vertible by  sHver  oxide  into  a  strongly  alkaline,  bitter  syrupy 
liquid:  hence  it  is  a  tertiary  monamine.  „  .-...^ 
Closely  allied  to  conine  is  conhydrme,  C.U^^O  a  crystalline 
base,  extracted  from  hemlock  flowers,  men  distilled  with  anhy- 
drnus  phosphoric  acid,  it  splits  into  conme  and  one  molecule  oi 
water. 

Nicotine,  C^oHuN,,  exists  in  the  seeds  and  leaves  of  various  Mnds 
of  tobacco,  from  which  it  may  be  obtained  by  extraction  with  dilute 
sulphuric  acid,  and  distillation  of  the  concentrated  extract  witk 
potash-ley.  It  is  a  colourless  oil,  having  a  density  of  r048,  boihng 
with  partial  decomposition  at  250°,  without  decomposition  m  a 
stream  of  hydrogen  at  150°-200°.  It  tm-ns  brown  m  the  air,  has  a 
very  stupefying  Sdour,  and  is  very  poisonous.  It  is  a  monoacid  base, 
forming  very  soluble  salts,  which  crystallise  with  difliculty 

A  mixture  of  nicotine  with  methyl  or  ethyl  iodide  /o^difies  after 
a  short  time  to  a  crystalline  mass,  contaming  Cioiii4(0±i3j2r>i2i2>  oi 
U,oH,iC,H,),NJ2,  convertible  by  silver  oxide  mto  soluble  bases. 

'b/ fuming  nitri^  acid  or  chromic  acid  mixtiu-e  mcotme  is  oxidised 
to  nicotic'acid,  C10H3NA,  which  when  distilled  with  lime, 
yields  pyridine,  and  when  heated  with  bromme-water  to  120  ib 
resolved  into  bromoform,  carbon  dioxide,  nitrogen,  and  pyndme. 

Sparteine,  G,,-Roo^„  occurs  in  the  common  broom  {SiMHmm 
sco/arium),  andls  "Sbtained  therefi-om  by  extraction  wit^  f 
sulphuric  acid  and  distillation  with  potash.  It  is  a  colourless  liqmd 
boiling  at  228°  ;  dissolves  sparingly  in_  water,  has  a  Y"'''' 
acts  as  a  narcotic.    It  is  strongly  alkaline,  and  has  the  constitution 
of  a  biacid  tertiary  amine. 


OXTGENISED  BASES. 

1.  Bases  related  to  the  Ureides.— Derivatives  of  Guani- 
dine. 

The  following  compounds  are  derived  from  guanidine  CH5N3  == 
HNC=:(NH2)2  (p.  226),  by  the  substitution  of  acid  radicles  toi  an 
atom  of  hydi'ogen. 

Glycocyamine  or  Guanidacetylic  Acid,  CgH^NaOp,  is  formed 
on  mixing  the  aqueous  solutions  of  glycocine  and  cynamide  (p.  iuo;  • 
HN-CrNH  +  H2C(NH„)(C02H)  =  HN=C(NH,)(NH.CH2.C02H); 

Cynamide.  Ulycocine.  Glycocyamine. 
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and  separates  in  granular  crystals,  soluble  in  120  parts  of  cold  watei', 
easily  soluble  in  hot  water,  insoluble  in  alcohol  and  ether.  It 
unites  with  bases  forming  crystalline  compounds.  Boiled  with  water 
and  lead-oxide,  or  with  dilute  sulphuric  acid,  it  is  resolved  into 
guanidine,  oxalic  acid  and  carbonic  acid. 

Glycocyamidine  or  Glycolylguanidine,  C3H5N3O,  related  to 
glycocyamine  in  the  same  manner  as  hydantoin  to  hyrantoic  acid 
(p.  410),  is  formed,  as  a  hydrochloride,  by  heating  the  hydro- 
chloride of  glycocyamine  to  160°  : 

NH"  /NH— CO 

^^^=^<^R-CR.-CO,IL    =    HN=C<(         I      +  H,0 

^  \NH— CH2 

Glycocyamine.  Glycocyamidine. 
The  free  base  crystallises  in  deliquescent  laminaj,  having  an  alkaline 
reaction.     Its  hydrochloride  gives  a  precipitate  with  platinic 
chloride. 

Creatine,  C^HgNjO,,  Methylglycocyamine,  occurs  in  the  animal 
organism,  especially  in  flesh  juice,  and  is  formed  artificially,  like 
glycocyamine,  by  the  union  of  cyanamide  with  methyl-glycocine 
(sarcosine,  p.  383) : 

j^jj  NH.CH3  j^jj 

^    CH,.CO,H   ^  ^^=^<N(CH3)-CH,-C0,H. 

It  may  be  prepared  by  macerating  finely  chopped  meat  in  cold 
water,  boiling  the  extract  to  coagulate  albumin,  precipitating  the 
phosphoric  acid  from  the  filtrate  by  baryta- water,  and  evaporating 
to  the  crystallising  point. 

Creatine  crystallises  in  shining  prisms  containing  1  mol.  HjO, 
Avhich  they  give  off  at  100°.  It  is  neutral,  slightly  bitter,  mode- 
rately soluble  in  boiling  water,  very  sparingly  in  alcohol;  fonns 
crystalline  salts  containing  one  equivalent  of  acid. 

Creatine  heated  with  acids  is  converted,  by  abstraction  of  HjO, 
into  creatinine  (infra).  By  boiling  with  water,  it  is  resolved  iiito 
urea  and  sarcosine  : 

^NH  NH(CH,) 

methyl-hydantoin  being  also  formed,  and  ammonia  given  oft'. 
Boiled  with  mercuric  oxide,  it  yields  methylguanidine  and  oxalic 
acid. 

Creatinine,  CH^NgO,  MethylglycocyamicUne,  is  an  almost  con- 
stant constituent  of  urine  (0'25  per  cent.),  and  is  formed  from  crccatine 
by  evaporating  the  aqueous  solution  of  the  hitter,  especially  iu 
presence  of  acids.  It  crystallises  in  rhomltic  jjrisms,  jinich  liiore 
soluble  in  water  and  alcohol  than  creatine;  expels  anmionia  from 
its  salts;  and  forms  well  crystallised  salts  with  acids.    It  unites 
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also  with  certain  salts,  forming,  for  example,  the  compomid 
(C4H7N30)2ZnCl2,  which  is  precipitated  by  zinc  chloride  from  solu- 
tions of  creatinine  as  a  sparingly  soluble  crystalline  powder. 

Creatinine  is  reconverted  into  creatine  by  the  action  of  bases,  and 
is  resolved  by  boiling  with  baryta  into  ammonia  and  methyl-hy- 
dantoin : 

^NH  CO  .NH  CO 

HN=C/^  I      +  H,0  =  NH3  +  C0<  I 

\N(CH3)— CH2        "  \N(CH3>-CH, 
By  boiling  with  mercuric  oxide  it  is  resolved,  lite  creatine,  into 
methylguanidine  and  oxalic  acid. 


Nearly  related  to  the  ureides  are  also  the  bases  guanine,  sarcine, 
xanthine,  and  carnine,  which,  like  urea,  occur  in  the  animal  organ- 
ism as  products  of  the  oxidation  of  the  tissues,— and  the  two  vege- 
table bases,  theobromine  and  caffeine.  The  constitution  of  these 
bases  is  not  yet  established,  but  their  relation  to  the  ureides  is  shown 
by  their  products  of  decomposition. 

Guanine,  C5H5N5O,  was  first  obtained  from  guano;  it  has  also 
been  proved  to  exist  in  the  pancreatic  juice  of  mammalia,  and  in  the 
excrement  of  the  spider.  To  prepare  it,  guano  is  boiled  with  water 
and  calcium  hydrate  until  a  portion  of  the  liquid,  when  filtered, 
appears  but  slightly  coloured :  the  whole  is  then  filtered,  and  the 
filtrate  saturated  with  acetic  acid,  whereby  the  guanine  is  precipi- 
tated, mixed  with  uric  acid.  It  is  purified  by  solution  in  hydi-o- 
chloric  acid  and  precipitation  by  ammonia. 

Guanine  is  a  colourless,  crystalline  powder,  insoluble  in  water, 
alcohol,  ether,  and  ammonia,  soluble  in  acids  and  solution  of  potash. 
It  unites  with  acids  forming  crystallisable  salts,  e.g.,  C5H5N5O.HCI 
+  aq.;  2C5H5N5O.H2SO4  +  2  aq. ;  3C5H5N5O.2C2H2O4 ;  also  with 
metallic  bases  and  salts;  e.g.,  C5H5N50.NaHO-h2  aq. ;  C5II3N5O. 
AgN03.  By  oxidation  with  hydi-ochloric  acid  and  potassium 
chlorate,  it  is  converted  into  a  mixture  of  guanidiue  and  parabanic 
acid  (407). 

Xanthine,  C5H4N4O2,  is  found  in  small  quantity  in  many  animal 
secretions,  as  in  urine  and  blood,  in  the  liver,  and  in  certain  urinary 
calculi;  it  is  formed  artificially  by  the  action  of  nitrous  acid  upon 
guanine,  and  of  sodium  amalgam  on  iiric  acid.  It  is  a  white  amor- 
phous mass,  somewhat  soluble  in  boiling  water,  and  uniting  both 
with  acids  and  with  bases.  It  dissolves  easily  in  boiling  aqueous 
ammonia,  and  silver-nitrate  added  to  the  solution  throws  down  the 
compound  CgHg  A.g2N402  +  Hn^-  This  compound  treated  with 
methyl  iodide  yields  a  uody  isomeric  with,  theobromine : 

C5H2Ag2N402  +  2CH3I  =  2AgI  +  C,HsN,02. 
Sarcine  or  Hypoxanthine,  CgH^N  jO,  ahnost  always  accompanies 
xanthine  in  the  animal  organism  ;  and  is  distinguished  from  xan- 
thine especially  by  the  sparing  solubility  of  its  hydrochloride.  It 
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forms  needles  slightly  soluble  in  water,  more  soluble  in  acids  and 
alkalis.  From  its  ammouiacal  solution,  silver  nitrate  throws  down 
the  compound  CjHgAgaN^O  +  HjO. 

Gamine,  C^HgN^Og,  occurs  in  extract  of  meat.  It  is  pulverulent, 
moderately  soluble  in  hot  water,  and  forms  a  crystallijie  hydro- 
chloride. 

Theobromine,  C-HgN^Og,  which  differs  in  composition  from 
caruine  by  only  1  atom  of  oxygen,  occurs  in  cacao  beans,  the  seeds 
of  Theobroma  Cacao,  from  which  cocoa  and  chocolate  are  prepared. 
To  extract  it,  the  iDeans  are  boiled  with  water  ;  the  solution  is  pre- 
cipitated with  lead  acetate,  to  remove  extraneous  matters  ;  the 
filtrate  is  freed  from  lead  by  hydrogen  sulphide,  and  evaporated  to 
di-yness  ;  and  the  residue  is  treated  with  alcohol,  which  extracts  the 
theobromine. 

Theobromine  is  a  white  crystalUne  powder,  having  a  bitter  taste, 
slightly  soluble  in  water  and  in  alcohol,  moderately  soluble  in 
aqueous  ammonia.  It  has  a  neutral  reaction,  but  unites  with  acids, 
forming  crystalline  salts,  which  are  decomposed  by  water.  From 
the  ammoniacal  solutioa  silver  nitrate  throws  down  the  compound 
^VHrAgN^O,,  which,  by  heating  to  100°  with  methyl  iodide,  is  con- 
verted into  methyl-theobromine,  Cj.Hj.(CIl3)N^02,  or  theine. 

Tlieine  or  Caffeine,  CgHjoN^Oj,  Methyl-theoh-omine,  occiu-s  in  the 
leaves  and  seeds  of  the  coffee-tree,  in  tea-leaves,  in  Paraguay  tea 
(from  Ilex  paraguayerisis),  and  in  guarana,  the  dried  pulp  of  the 
fruit  of  PauUinia  sorbilis.  Theine  is  extracted  from  these  substances 
by  the  process  above  described  for  the  jDreparation  of  theobromine  : 
it  crystallises  on  cooling,  and  may  be  purified  by  means  of  animal 
charcoal. 

Theine  forms  tufts  of  silky  needles  containing  1  mol.  HjO,  sligh  tly 
soluble  in  cold  water  and  in  alcohol,  and  giving  off  their  water  of 
crystallisation  at  100°.  It  melts  at  225°,  and  sublimes  without 
decomposition  at  a  higher  teniperatiu'e.  It  is  a  weak  base,  most  of 
its  salts  being  decomposed  l^y  water.  The  aurochloride  and  platino- 
chloride,  however,  are  more  stable,  and  form  orange-yellow  crystals. 

By  the  action  of  chlorine  or  nitric  acid,  theine  is  converted,  with 
evolution  of  methylamine  and  cyanogen  chloride,  into  amalic 
acid,  CjjHjjNjOy,  which  has  the  composition  of  tetramethyl- 
alloxantin,  C8(CH3)^N40,.  It  forms  sparingly  soluble  crystals, 
which  are  coloured  violet-blue  by  alkalis.  By  the  further  action 
of  chlorine-water,  theine  yields  cholestrophane  or  dimethyl- 
parabanic-acid,  (p.  408). 

Theine  boiled  with  baryta-water,  is  resolved  into  COj,  and  thei- 
dine  or  caffeidine,  Cj.Hj2N,,0,  an  easily  soluble  strongly  basic 
compound,  which  is  decomposed  by  prolonged  boiling  with  water 
into  sarcosine  and  othei'  products. 
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2.  Opium  Bases. 

Opium,  tlie  inspissated  juice  of  the  half-ripe  capsules  of  the  poppy 
{Papaver  somniferum),  is  a  very  complex  substance,  containing  a 
large  number  of  bases  combined  with  sulphuric  and  meconic  acid. 
The  best  known  of  these  bases  are — 

Morphine,*  C17H19NO3  Papaverine,  CjiHojNO^ 

Codeine,      CigHjiNOs  Narcotiue,  022^23^^07 

Thebaine,    OigHgjNOg  Narceine,  OgaH^aNO^ 

Of  these,  morphine  and  narcotine  are  the  most  abundant,  the  rest 
occurring  in  small  quantity,  and  only  in  particular  varieties  of 
opium. 

The  bases  are  obtained  by  digesting  opium  -wdth  warm  water,  pre- 
cipitating the  meconic  acid  with  calcium  chloride,  and  leaving  the 
concentrated  filtrate  to  crystallise.  The  hydrochlorides  of  morphine 
and  codeine  then  crystallise  out  first,  and  may  be  separated  by 
treating  their  aqueous  solution  with  ammonia,  whereby  the  mor- 
phine is  alone  precipitated,  the  codeine  remaining  dissolved. 

The  mother-liquor  of  the  morphine  and  codeine  hydrochlorides  is 
mixed  with  ammonia,  which  throws  down  narcotiae,  together  with 
small  quantities  of  papaverine,  and  thebaine,  and  a  resin,  whUe  nar- 
ceine remains  in  solution. 

Morphine,  C19H19NO3  -I-  H2O, Morp/im  or ilfo?73/mim, is  precipi- 
tated from  its  salts  as  a  white  powder,  and  ciystallises  fi-om  alcohol 
in  small  but  very  brilliant  prisms.  It  requires  at  least  500  parts  of 
water  for  solution,  tastes  slightly  bitter,  and  has  an  alkaline  reaction. 
These  efi^ects  are  much  more  evident  in  the  alcoholic  sohition.  It 
dissolves  in  about  30  parts  of  boUing  alcohol,  and  with  great  facility 
in  dilute  acids  ;  it  is  also  dissolved  by  excess  of  caustic  potash  or 
soda,  but  scarcely  by  excess  of  ammonia.  When  heated  in  the  au-, 
morphine  melts,  burns  like  a  resin,  and  leaves  a  small  quantity  of 
charcoal,  which  easily  burns  away.  Morphine  in  small  doses  is  nar- 
cotic ;  in  larger  doses,  highly  poisonous. 

Morphine  is  a  tertiary  mono-acid  base.  Its  hydroclilondc, 
CijrHigNOg.HCl-FSHjO,  crystallises  in  tufts  of  slender  neejiles  easily 
soluble  in  water  and  in  alcohol.  The  acetate,  CjyHjgNOs.GgH^Og,  is 
moderately  soluble  in  watei',  and  crystallises  in  needles. 

Solutions  of  morphine  and  its  salts  are  coloiired  dark  bhxe  by 
ferric  chloride  ;  its  solution  in  strong  sulphuric  acid  is  coloured 
blood-red  by  a  drop  of  nitric  acid.  Solution  of  iodine  added  to  the 
solution  of  the  hydrochloride  throws  down  the  periodide, 
Ci^HigNOgl^.  Morphine  heated  with  potash-ley  gives  ott"  methyl- 
amine. 

Apomorphine,  Ci7HiyN02,  a  compoiuid  containing  IH^O  less 
than  morphine,  is  formed  when  morphine  is  heated  in  a  sealed  tube 
with  strong  hydi-ochloric  acid,  and  separates  as  a  white  powder, 

*  It  is  convenient  to  designate  orgnnic  bases  by  names  ending  mine;  neu- 
tral substances  by  names  ending  in  in;  e.g.,  gelatin,  albumin,  casein. 


CODEINE — NARCOTINE — THEBAINE. 


617 


which  turns  green  in  contact  with  the  air.  It  differs  from  mor- 
phine in  being  soluble  in  alcohol,  ether,  and  chloroform,  and  in 
its  physiological  action,  which  is  not  narcotic,  but  emetic. 

Codeine,  CigHoiNOg  =  Ci7Hi8(CH3)N03, Methyl-mor2Jhine.— This 
base,  obtained  from  opium  as  above  described,  crystallises  fi-om 
ether  in  large  rhombic  prisms  melting  at  120°.  It  is  more  soluble 
in  water  than  the  other  opium  bases  ;  potash  precipitates  it  from  the 
solutions  of  its  salts.  Heated  with  soda-lime  it  gives  off  methy- 
laniine  and  trimethylamine.  Heated  with  strong  hydrochloric 
acid  to  140°-150°,  it  is  resolved  into  methyl  cliloride  and  apomor- 
phine  : 

C18H21NO3  +  HCl  =  CH3CI  +  H2O  +  Ci.HiyNOa . 

Codeine  is  also  a  tertiary  monamine,  forming  with  ethyl  iodide 
a  crystalline  iodide,  Ci8H2i(C2H5)N03.I,  converted  by  silver  oxide 
into  an  alkaline  base. 

Narcotine,  C22H23NOJ. — The  marc,  or  insoluble  portion  of 
opium,  contains  much  narcotine,  which  may  be  extracted  by  boil- 
ing with  dilute  acetic  acid.  From  the  filtered  solution  the  narco- 
tine is  precipitated  by  ammonia,  and  afterwards  purified  by  solu- 
tion in  boiling  alcohol,  and  filtration  through  animal  charcoal. 
Narcotine  crystallises  in  small,  colourless,  brilliant  prisms,  nearly 
insoluble  in  water.  Its  basic  jjowers  are  very  feeble ;  it  is  destitute 
of  alkaline  reaction,  and  although  freely  soluble  in  acids,  does  not, 
for  the  most  part,  form  crystallisable  salts. 

Narcotine,  treated  with  a  mixtirre  of  dilute  sulphuric  acid  and 
manganese  cUoxide,  or  a  hot  solution  of  platinic  chloride,  yields 
opianic  acid  (p.  550),  together  with  basic  products. 

Cotarnine,  Cj2H,3N03,  is  contained  in  the  mother-liquor  from 
which  opianic  acid  has  crystallised:  it  forms  a  yellow  crystalline 
mass,  very  soluble,  of  bitter  taste,  and  feebly  alkaline  reaction.  Its 
hydrochloride  is  a  well-defined  salt. 

Cotarnine,  gently  heated  with  very  dilute  nitric  acid,  is  converted 
into  methylamine  nitrate,  and  cotamic  acid,  a  bibasic  acid  contain- 
ing C11H12O5  : 

C12H13NO3  -I-  2H2O  +  HNO3  =  CH5N.HNO3  +  CiiHi20g. 

Thebaine,  CjoH2iN03,  Papaverine,  C20H21NOJ,  and  JVamme, 
C23H2gNOg,  are  also  contained  in  opium  in  small  quantity.  The- 
baine  forms  silvery  scales,  melting  at  193°  ;  insoluble  in  water, 
potash,  and  ammonia.    Pajiaverine  melts  at  141°-145°. 

The  following  bases  arc  also  found  in  opium,  at  least  occasion- 
ally :  codamine,  Cij,H23N03,  lanthoinve,  Cgal^'^r.NO,,,  laudmiine, 
CjflHgflNOs,  meconidine,  C21H23NO4,  opianine  and  porphyroxine,  but 
they  are  of  small  importance,  and  comparatively  little  is  known 
respecting  them.*' 

*  See  Hesse,  Ann.  Ch.  Pharm.,  cliii.  71  ;  Gmelin's  Handbook,  xviii.  192, 
197,  199,  202,  210  ;  Watts's  Dictionary  of  Chemistry,  Supplement,  p.  883. 
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3.  Cinchona  Bases. 


The  barks  of  the  various  species  of  cinchona  contain  a  number  of 
alkaloids,  associated  with  quinic  acid  and  cinchona-tannin.  The 
best  known  of  these  bases  are : 


Quinine  is  found  chiefly  in  yellow  cinchona-bark  (from  China  regia) ; 
ciuchonine  in  the  grey  bark  (fi'om  China  Huanoco). 

The  bases  are  extracted  by  digesting  the  pulverised  bark  with 
dilute  hydrochloric  acid,  and  precipitating  the  filtered  solution  -with 
sodium  carbonate,  or  magnesia.  The  precipitate,  consisting  _  of 
quinine,  cinchonine,  and  a  few  other  substances,  is  boiled  with 
alcohol,  and  the  solution  is  saturated  with  sulphimc  acid,  and  eva- 
porated. On  cooling,  it  first  deposits  siilphate  of  quinine,  and  after- 
wards the  cinchonine  salt.  The  free  bases  are  easily  separated  by 
ether,  which  dissolves  only  the  quinine.  Quinidine  and  cinchonidine 
are  found  in  the  last  mother-liquors  of  the  sulphru'ic  acid  solution. 

Cinchonine  crystallises  in  small,  brilliant,  transparent,  four- 
sided  prisms.  It  is  very  slightly  soluble  in  water,  dissolves  readily 
in  boiling  alcohol,  and  has  but  little  taste,  although  its  salts  are  ex- 
cessively bitter.  It  is  a  powerful  base,  neutralising  acids  completely, 
and  forming  a  series  of  crystallisable  salts.  It  turns  the  plane  of 
polarisation  strongly  to  the  right, 

Guinine  much  resembles  cinchonine ;  but  does  not  crystallise  so 
well ;  it  is  much  more  soluble  in  water  :  tastes  intensely  bitter ; 
turns  the  plane  of  polarisation  strongly  to  the  left. 

Quinine  sulphate  is  manufactured  on  a  very  large  scale  for  medi- 
cinal use  ;  it  crystallises  in  small  white  needles,  which  give  a 
neutral  solution.  It  contains  2C2oH24N202.S04H2-f  7aq.  Its 
solubility  is  much  increased  by  the  addition  of  a  little  sulphuric 
acid,  whereby  the  acid  salt,  CgoHo^NgOg.SO^Ha-t-Taq.,  is  formed. 
Solutions  of  quinine  sulphate  exhibit  a  splendid"  blue  fluorescence. 
On  adding  to  the  solution  of  a  quinine  salt,  first  chlorine-water  and 
then  ammonia,  a  fine  green  colour  is  produced.  Iodine  added  to  a 
solution  of  quinine  sulphate,  forms  a  crystalline  substance  of  a 
brilliant  emerald  colour,  which  appears  to  have  the  composition 
2C2oH2,jN202.3H2S04.Ig  +  3  aq.  This  compoimd,  called  Herapathitc, 
after  its  discoverer,  possesses  the  optical  properties  of  tourmaline. 

Cinchonine  and  quinine  yield  mth  methyl  iodide,  the  com- 
pounds C2oH24(CH3)N20I  and  C2oH24(CH3)N202l,  which  ai-e  con- 
verted by"  silver  oxide  into  soluble  bases  analogous  to  tetrethyl- 
ammonium  hydi-oxide:  they  are  therefore  tertiary  amines.  _ 

Quinidine  and  Cinchonidine,  isomeric  respectively  with  quinine  and 
cinchonine,  are  obtained  from  commercial  quinoidine,  a  resinous 
product  contained  in  the  mother-liquors  of  the  quinine  preparation. 

Q  uin  idine  (or  Conchinine)  crystallises  in  large  prisms  moderat  i'ly 
soluble  in  alcohol,  sparingly  in  ether.    Its  salts  ai-e  more  soluble 


Quinine,  C20H24N2O2. 
Quinidine,  C20H24N2O2. 


Cinchonine,  C2oH,4N20. 
Cinchonidine,  C20H24N2O. 
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^r^]  qiiiniue.     The  solutions  are  strongly  dextrooyrate. 

VVith  chlorine-water  and  ammonia  quinidine  reacts  like  quinme. 

Cinchonidine,  occurring  also  in  the  bark  of  China  Bogota,  is 
very  much  like  cmchonine.    Its  solutions  are  stroagly  levoo-yrate. 

The  acid  sulphates  of  these  foiu-  bases,  heated  first  to  100°  to 
expel  water  of  crystallisation,  and  then  to  about  135°,  are  converted 
into  the  sulphates  of  two  amorphous  bases,  quinicine  and  cin- 
chouicme,  isomeric  with  quinine  and  cinchonine  respectively, 
quinicine,_  CjoHj^NgOg,  being  formed  from  quinine  and  quiuidine' 
cmclionicine,  C20H24N2O,  from  cinchonine  and  cinchonidine.  The 
solutions  of  both  these  bases  are  feebly  dextrogyrate. 

All  the  four  bases,  when  distilled  with  caustic  potash,  yield  bases 
ol  the  chinoHne  series  (p.  611). 


Strychnos  Bases. 

Strychnine,  G,JI^J>f^O^,  and  Brucine,  C^^U^.-N^O,,  also  called 
Strychnia  and  Brucia,  are  contained,  together  with  several  stiLl 
imperfectly  known  bases,  in  Nux  vomica,  iu  St  Ignatius'  lean,  and 
in  false  Angtistura  hark.  To  prepare  them,  nux  vomica  seeds  are 
boiled  iu  dilute  sulphiuic  acid  imtil  they  become  soft :  they  are 
then  crushed,  and  the  expressed  liquid  is  mixed  with  excess  of 
calcium  hydrate,  which  throws  down  the  alkaloids.  The  precipitate 
is  boiled  in  spirits  of  wine  of  sp.  gr.  0-850,  and  filtered  hot.  Strych- 
nine and  brucine  are  then  deposited  together  in  a  colom-ed  and 
impure  state,  and  may  be  separated  by  cold  alcohol,  in  which  the 
latter  dissolves  readily. 

Pure  strychnine  crystallises  under  favourable  circumstances  in 
small  but  exceedingly  briUiant  octohedral  crystals,  which  are  trans- 
parent and  colourless.  It  has  a  very  bitter,  somewhat  metallic 
taste  (1  part  in  1,000,000,000  parts  of  water  is  stiU  perceptible),  is 
slightly  soluble  in  water,  and  fearfully  poisonous.  It  dissolves  in 
hot  and  somewhat  dilute  spirit,  but  not  in  absolute  alcohol,  ether, 
or  solution  of  caustic  alkali.  This  alkaloid  may  be  readily  identified 
by  moistening_  a  crystal  with  concentrated  sulphmic  acid,  and 
adding  to  the  liquid  a  crystal  of  potassium  dichromate,  when  a  deep 
violet  tint  is  produced,  which  disappears  after  some  time. 

Strychrdne  forms  neutral  crystalline  salts,  containing  one  equiva- 
lent of  acid.  The  nitrate,  C2iH22N,p2.N03H,  is  sparingly  soluble 
in  water  and  in  alcohol.  Potassium  thiocyanate  added  to  the 
solutions  throws  down  crystalline  thiocyanate  of  strychnine. 

Brucine,  G^^^fi^'fiv  crystallises  in  efflorescent  prisms  or  tables 
containing  4H2O,  easily  soluble  in  alcohol,  slightly  in  water,  insoluble 
in  ether;  also  very  poisonous.  Strong  sulphuric  acid  colours  the 
solutions  red,  and  on  adding  stannous  chloride  to  the  red  liquid, 
a  violet  precipitate  is  formed.  Strong  sulphuric  acid  dissolves 
brucine  with  reddish  colour. 
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5.  Bases  from  various  Plants. 

Veratrine  or  Veratria,  CgaHgaNjOg,  is  ol)tained  from  the  seeds 
of  Veratrum  Sabadilla,  and  from  the  root  of  V.  album.  In  the  pure 
state  it  is  a  white  or  yellowish-white  powder,  which  has  a  sharp 
burning  taste,  is  very  poisonous,  and  in  small  quantities  occasions 
violent  sneezing.  It  is  insoluble  in  water,  but  dissolves  in  hot 
alcohol,  in  ether,  and  in  acids:  the  solution  has  an  alkaline  reaction. 

Jervine,  CgoH^gNaOg,  occurring  together  wth  veratrine,  in  the 
root  of  Veratrum  album,  forms  small  prisms  soluble  in  alcohol.  Its 
salts  are  slightly  soluble  in  water. 

Piperine,  Ci^HigNOg,  occurs  in  Piper  niger  and  other  kinds  of 
pepper,  from  which  it  may  be  extracted  by  alcohol.  It  crystallises  in 
four-sided  prisms,  melting  at  100°,  easily  soluble  in  alcohol  and  ether, 
insoluble  iu  water  ;  dissolves  with  dark  red  colour  in  strong  sul- 
phm-ic  acid.  Heated  with  soda-Ume  it  gives  off  piperidine,  and 
by  boiling  with  alcoholic  potash,  it  is  resolved  into  piperidine  and 
piperic  acid  (p.  545): 

Piperidine,  CgHuN  =  CgHioNH,  is  a  liquid  which  boils  at 
106°,  dissolves  easily  in  alcohol  and  ether,  has  a  strong  alkaline  re- 
action, and  forms  neutral  crystalline  salts  with  1  eq.  of  acid.  It  is 
a  secondary  amine,  one  of  its  hydrogen-atoms  being  replaceable  by 
acid  and  alcoholic  radicles.  Methyl-inperidine,  CjHioN.CHg,  and 
etlmjl-inioeridine,  C^Hio.N.CgHj,  are  colourless  liquids,  the  former 
boiling  at  118°,  the  latter  at  28°.  Benzoyl-piperidine,  C5H10.N2. 
C7H5O,  is  crystalline.  Piperine  is  a  similar  derivative  containing 
the  radicle  of  piperic  acid,  C.H10.N2.C12II9O3. 

Atropine  or  Daturine,  C17H23NO3,  occurring  in  the  deadly 
nightshade  {Atropa  Belladonna)  and  in  the  thorn  apple^  (Z'aift;;a 
Stramonium!),  crystallises  in  thin  prisms,  melting  at  90°.  It  is 
bitter,  very  poisonous,  and  in  small  quantity  produces  dilatation  of 
the  pupil.  By  heating  with  baryta- water  or  hydrochloric  acid,  it 
is  resolved  into  tropic  acid  and  tropine  (p.  538) : 

Ci,H23N03  +  H2O  =  C9H10O3  +  CsHi^NO . 

Tropine  is  a  strong  mono-acid  base,  crystallising  from  ether  in 
tables,  melting  at  61°. 

Sinapine,  CigHjaNO^,  occurs  in  white  mustard  seed  in  the  form 
of  thiocyanate,  which  may  be  dissolved  out  by  alcohol.  The  base, 
separated  fi-om  the  thiocyanate  or  other  salt  by  alkalis,  remains  clis- 
Bolved,  and  decomposes  on  evaporation.  By  boiling  the  salts  with 
alkalis,  the  sinapine  is  resolved  into  choline  (p.  222)  and  sinapic 
acid,  CiiHjjOg : 

CieH23NO,  -f-  2H2O  =  C^Hi^NO,  +  Gn^.oO^- 

Sinapic  acid  is  bibasic,  and  crystallises  in  thin  prisms,  soluble  in 
hot  water  and  in  alcohol. 
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There  are  numerous  other  alkaloids,  more  or  less  known,  occur- 
ring in  plants ;  the  following  short  notice  of  a  few  of  them  must 
suifice : 

Hyoscyamine. — A  white,  crystallisable  substance,  from  Hyoscyarmis 
niger;  it  occurs  likewise  in  Datura  Stramonium. 

Solanine,  C^gHwjNOjfXO- — -A-  pearly,  crystalline  substance,  from 
various  solanaceous  i^lants ;  resolved  by  boiling  with  dilute  acids  into 
glucose  and  solanidine :  C^gHf ^NOk,  +  SHjO  =  SCgHiaOg  +  CjsH^jNO  . 

Aconitine,  CgnH^yNOy. — A  crystalline,  very  poisonous  allcaloid, 
from  Aconit'iim  Napellus. 

Ddphinine. — A  yellowish,  fusible  substance,  fi'om  the  seeds  of 
Delphinium  Staphisagria. 

Emetine. — A  white  and  nearly  tasteless  powder,  from  ipecacuanha 
root. 

Curarine. — The  arrow-poison  of  Central  America. 


Pectous  Substances. 

The  pulp  of  fleshy  fruits  in  the  unripe  state,  also  of  fleshy  roots 
and  other  vegetable  organs,  contains  a  substance  called  pectose, 
which  is  insoluble  in  water,  but  under  the  influence  of  acids  and 
other  reagents,  is  transformed  into  a  soluble  substance  pectin, 
identical  with  that  which  exists  in  ripe  fruits  and  imparts  to  their 
juice  the  property  of  gelatinising  when  boiled. 

Pectin  may  be  obtained  by  boiling  the  pulp  of  carrots  or  turnips 
with  a  slightly  acid  liquid — or  better,  fi'om  the  juice  of  ripe  pears, 
by  precipitating  the  lime  with  oxalic  acid,  then  the  albuminous 
substances  with  tannic  acid,  and  adding  alcohol,  whereupon  the 
pectin  separates  in  long  threads  or  as  a  jelly.  When  dry  it  forms 
an  amorphous,  tasteless  mass,  soluble  iu  water,  and  precipitated 
therefrom  by  alcohol  or  by  basic  acetate  of  lead.  On  boiling  the 
aqueous  solution,  the  pectin  is  converted  into  parapectin,  which, 
as  well  as  pectin  itself,  is  converted  by  boiling  with  dilute  acids, 
into  metapectin,  which  has  an  acid  reaction,  and  is  precipitated 
by  barium  chloride.  These  three  substances  are  said  to  be  isomeric, 
and  represented  by  the  empirical  formula,  C2H3O2. 

According  to  Fremy,  all  vegetable  tissues  which  contain  pectose 
contain  also  a  ferment  called  pectase,  similar  in  its  mode  of 
action  to  diastase  and  emulsin.  It  is  an  amorphous  substance, 
which  may  be  precipitated  by  alcohol  from  fresh  carrot-juice. 
Under  the  influence  of  this  ferment — or  of  dilute  caustic  alkalis  at 
30° — pectin  is  transformed  into  pectosic  acid,  C-i^H^Q0^ff.31i.fi, 
and  afterwards  into  pectic  acid,  Ci„H,gOn.2H20,  which,  by 
prolong(;d  boiling  with  water,  is  converted  into  parapectic  acid, 
C24H30O21.2H2O.  The  final  product  of  the  transformation  of  pectous 
substances  is  metapectic  acid,  C8Hj„07.2H20,  which  reduces 
alkaline  copper  solutions,  and  is  resolved  by  alkalis  into  formic 
and  protocatechuic  acids.  The  composition  of  all  these  bodies  is, 
however,  very  uncertain. 


t 


622  BILE  CONSTITUENTS. 

Bile  Constituents. 

1.  Biliary  Acids. — Bile,  the  fluid  secretion  of  tbe  liver,  contaiii.s 
— in  addition  to  fats,  mucous  substances,  proteids,  lu'ea,  and  choline 
— the  sodium  salts  of  two  peculiar  acids,  called  glycocholic  and 
tauTocholic ;  also  certain  colouring  matters,  and  an  aromatic 
alcohol  called  cholesterin,  already  described  (p.  507.) 

Glycocholic  Acid,  Cj^H^gNOg.- — When  fresh  ox-bile  perfectly 
dried  is  exhausted  with  cold  absolute  alcohol,  and  mixed  after  filtra- 
tion with  ether,  it  first  deposits  a  browTiish,  tough,  resinous  mass, 
and  after  some  time,  stellate  crystals,  consisting  of  the  glycocholates 
and  taurocholates  of  sodium  and  potassium.  On  dissolving  these 
salts  in  water  and  adding  dilute  sulphmic  acid,  glycocholic  acid 
separates  after  twenty-four  hours  in  the  crystalline  state,  while 
taurocholie  acid  remains  dissolved. 

Glycocholic  acid  crystallises  in  white  slender  needles,  sparingly 
soluble  in  water,  easdy  in  alcohol.  It  has  a  faint  acid  reaction  and 
bitter-sweet  taste.  It  is  monobasic ;  its  alkali-salts  are  very  soluble 
in  water,  and  have  a  very  sweet  taste.  On  adding  to  glycocholic 
acid  a  solution  of  sugar  and  then  strong  sulphuric  acid,  a  purple- 
red  coloration  is  produced  (Pettenkofer's  bile-reaction). 

Glycocholic  acid  is  resolved  by  boiling  with  alkalis  rato  glycocine 
and  cholic  acid,  C24H40O5  : 

C^gH^jNOs  +  H^O  =  C2H3(NH2)02  +  CoJi,,0,. 

Cholic  acid  crystallises  in  shining  quadratic  ocbohedrons  containing 
2J  mol.  water,  soluble  in  alcohol  and  ether. 

Glycocholic  acid  is  also  resolved  into  glycocine  and  cholic  acid 
by  boiling  with  acids,  but  the  cholic  acid  is  then  converted,  by 
abstraction  of  water,  into  dy  sly  sin,  Cg^HggOg,  an  amorjDhous  sub- 
stance which  is  reconverted  into  cholic  acid  by  boiling  with  alco- 
holic potash. 

Taurocholie  Acid,  CggHj^NSO,.,  may  be  precipitated  by  basic 
lead  acetate,  alter  the  glycocholic  acid,  mucus,  and  coloiu'ing  matters 
have  been  removed  by  the  neutral  acetate.  It  forms  slender  needles, 
having  a  sweetish-bitter  taste,  and  easily  soluble  in  water  and  in 
alcohol.  By  boiling  with  water  it  is  resolved  into  cholic  acid  and 
taurine  (p.  173) : 

C^gH^gNSO,  +  H2O  =  C,,-R^,0,  +  C2H4(NH,).S03H , 

the  cholic  acid  beiag,  however,  for  the  most  part  converted  by 
dehydration  into  dyslysin.  The  same  decomposition  takes  place  in 
the  putrefaction  of  bile. 

Pig's  bile  contains  two  acids  analogous  to  the  above,  viz., 
hyoglycocholic  acid,  C2rH43N05,  and  hyotaurocholic  acid, 
Coyll^gNSOg,  which  are  resolved  by  boiling  with  acids  into  hyo- 
cholic  acid,  C25H40O4,  and  glycocine  or  tamine  respectively. 

Gooae-bile  contauis  a  similiu-  acid,  C2oH4gNS06,  called  cheno- 
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taurocholic  acid,  which  is  resolved  by  alkalis  into  taiu'ine  and 
chenocbolic  acid,  C.^^'R^^O^. 

Lithofellic  acid,  CaoHggOi,  an  acid  nearly  related  to  the 
biliary  acids,  occurs,  together  with  ellagic  acid,  in  Oriental  bezoar- 
stones  (p.  546).  It  may  be  extracted  by  hot  alcohol,  and  crystal- 
lises in  short  prisms,  melting  at  201°  ;  gives,  with  sugar-solution 
and  strong  sulphuric  acid,  a  purple-red  colour,  similar  to  that 
produced  with  glycocholic  acid. 

Bile  Pigments. — Bilirubin,  CigHjgNgOg,  the  principal  colouring 
matter  of  the  bile,  forms  dark  red  prisms,  insoluble  in  water, 
sparingly  soluble  in  acohol  and  ether,  easily  in  chloroform  and 
carbon  sulphide.  It  dissolves  in  alkalis,  forming  a  yellowish-red 
solution,  which,  when  agitated  in  contact  with  the  air,  yields  a 
green  precipitate  of  biliverdin,  CigH2oN205.  Bilifuscin,  CVoH9oN,0,j, 
is  a  dark  green  mass,  insoluble  in  water  and  in  chloroform,"  easily 
soluble  in  alcohol. 

On  heating  an  alkaline  solution  of  these  bile-pigments  with  nitric 
acid,  a  green  colour  is  produced,  changing  to  blue,  violet,  red,  and 
ultimately  to  yeUow.   This  reaction  serves  for  the  detection  of  bile. 


Gelatinous  Substances. 

The  bone-cartilages,  tendons,  connective  tissue,  and  skin  of  the 
animal  body  dissolve,  for  the  most  part,  when  boiled  for  a  long  time 
with  water,  yielding  a  solution  which  solidifies,  on  cooling,  to  a 
transparent  tremulous  mas  scalled  gelatin  or  glutin;  the  non- 
hardening  cartilages  yield  a  similar  substance,  called  chondrin. 

These  substances  contain  in  100  parts  : 

0         H         N  0 
Gelatin,       .       .    50-0       6-6       18-3  25-1 
Chondrin,    .       .    49-1       7-1       14-4  29-4 

Their  molecular  weights  and  structural  formulte  are  unknown. 

Gelatin,  Bone-gelatin  or  Glutin,  jn-ecipitated  from  its  aqueous 
solution  by  alcohol,  forms  a  colourless,  transparent  mass,  without 
taste  or  .smell.  It  swells  up  in  cold  M^ater,  and  dissolves  on  boiling 
to  a  viscid  liquid,  which  solidifies  to  a  jelly  on  cooling.  By  pro- 
longed boiling  with  a  small  quantity  of  nitric  acid,  or,  by  the 
addition  of  concentrated  acetic  acid,  the  solution  loses  the  property 
of  gelatinising.  The  aqueous  solution  turns  the  plane  of  polarisa- 
tion to_  the  left.  It  is  precipitated  by  alcohol,  mercuric  chloride, 
mercuric  nitrate,  and  mercurous  nitrate,  but  not  by  alum  or  by 
lead  acetate,  either  neutral  or  basic.  Tannic  acid  throws  down, 
even  from  very  dilute  solutions  of  gelatin,  a  tough  yellowish  pre- 
cipitate, consisting  of  a  compound  of  the  two  bodies.  The  tissues 
wriich  yield  gelatin  likewise  unite  with  tannic  acid,  and  withdraw 
it  completely  from  its  solutions,  forming  leather. 

Gelatin  boiled  with  sulphuric  acid  or  with  alkalis  yields  leucine  and 
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glycocine,  together  witli  other  products  of  unknown  constitution. 
By  destructive  distillation  it  yields  several  amines  belonging  to  the 
fatty  and  pyridine  series.  By  oxidation  with  MnOj  and  sulphuric 
acid,  or  with  chromic  acid,  it  yields  the  same  products  as  the  pro- 
teids  (p.  625). 

Isinglass  is  a  very  pure  gelatin  obtained  from  the  dried  swimming 
bladder  of  the  sturgeon :  it  dissolves  ui  water  merely  warm.  Size 
is  an  impm-e  gelatin,  prepared  from  the  clippings  of  hides  and 
similar  matters.  Glue  is  the  same  substance  dried  by  exposing  it  in 
thin  slices  on  nettings  to  a  current  of  air. 

Chondrin,  obtained  from  the  cartilages  of  the  ribs  and  joints,  is 
very  much  like  gelatin,  but  differs  from  it  in  being  precipitated 
from  its  aqueous  solution  by  acetic  acid,  alum,  lead  acetate,  and 
other  metallic  salts,  but  not  by  mercuric  chloride.  Its  products  of 
decomposition  are,  for  the  most  part,  the  same  as  those  of  gelatin ; 
with  sidphuric  acid,  however,  it  yields  no  glycocine,  but  onlv 
leucine.    When  boiled  with  hydrochloric  acid  it  yields  glucose. 

Silk-gelatin  or  Sericin,  01^,1126^508,  is  extracted  from  silk  by 
boiling  with  water,  and  precipitated  by  alcohol  as  an  amorphous 
powder.  It  swells  up  in  water,  dissolves  on  boiling,  and  solidifies 
to  a  jelly ;  is  precipitated  by  potassimn  ferrocyanide,  basic  lead 
acetate,  and  several  other  metallic  salts.  By  boihng  with  sulphuric 
acid  it  yields  leucine,  tyrosine,  and  amidoglyceric  acid  or  serme 
(p.  356). 

Fibroin,  Ci^HogNgOc  the  chief  constituent  of  silk  (about  66  per 
cent.),  is  obtained  by  repeatedly  digesting  silk  vnth  water  at  130°, 
and  exhausting  the  residue  with  alcohol  and  ether :  it  then  remains 
as  a  white  shining  mass.  It  dissolves  in  strong  sulphuric  acid  and 
in  alkalis,  and  is  precipitated  on  saturating  the  solutions.  When 
boiled  with  sulphuric  acid  it  yields  leucine,  tyrosine,  and  glycocine. 


Proteids  or  Albuminoids. 

These  substances  form  the  chief  part  of  the  sohd  constituents  of 
the  blood,  muscles,  nerves,  glands,  and  other  organs  of  animals  ;  they 
occur  also  in  small  quantities  in  almost  every  part  of  vegetables, 
and  in  larger  quantities  in  the  seeds.  They  are  formed  exclusively 
in  plants,  and  undergo  but  Httle  alteration  when  consumed  as  food 
and  assimilated  by  animals.  ,     ,  ■ 

The  several  bodies  of  this  class  resemble  one  another  closely  in 
their  properties,  and  more  especially  in  their  percentage  composi- 
tion, which  is  comprised  between  the  following  limits : 

Carbon,  .          .          •  52-7  to  54-5 

Hydrogen,  ...  6'9  „  7"3 

Nitrogen,  .          .          .  15-4  „  16-5 

Oxygen,  .          .           .  20-9  „  23-5 

Suiijhur,  ...  0-8  „  1-6 
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These  numbers  may  be  approximately  represented  by  the  empiri- 
cal iormula  C,2H,i2Ni8022S.    The  proteids  also  contain  a  smaU 
quantity  ol  phosphorus,  but  apparently  only  mechanically  mixed  with 
them  as  calcium  phosphate.    Theu-  molecular  weights  and  constitu- 
tion are  not  yet  kno^vn  ;  but  recent  investigations  have  thrown 
some  hght  on  the  question,  and  indicate  at  least  the  direction  in 
which  Its  solution  is  to  be  sought.    According  to  Hlasiwetz  and 
Jlabermann,  all  proteids,  when  boiled  with  dilute  sulphuric  acid 
or  better,  with  hydi-ochloric  acid,  and  a  small  quantity  of  stannous 
chloride,  are  resolved  exactly  into  aspartic  acid,  glutamic  acid  (p  360) 
leucine,  tyrosme,  and  ammonia,  and  may  therefore  be  regarded  as 
iormed  by  the  combination  of  these  substances,  with  elimination  of 
water.    Schutzenberger,  by  heating  proteids  with  baryta- water  to 
150  (whereby  ^  of  the  nitrogen  was  evolved  as  ammonia),  obtained 
essentiaUy  the  same  products  of  decomposition,  and  likewise  inter- 
mediate products  resulting  from  a  less  complete  decomposition, 
ihe  relative  quantities  of  ammonia  and  carbon  dioxide  corresponded 
exactly  mth  those  which  are  evolved  in  the  resolution  of  urea  into 
and  CO2.    This  result  tends  to  show  that  albumin  is  a  com- 
plex ureide,  containing  one-fifth  of  its  nitrogen  in  the  form  of  urea 
Proteids  are  precipitated  from  solution  :  1.  By  excess  of  mineral 
acids.    2,  By  potassium  ferrocyanide  with  acetic  acid  or  a  little 
hydrochloric  acid.    3.  By  acetic  acid,  with  a  considerable  quantity  of 
concentrated  solutions  of  neutral  salts  of  the  alkalis  and  alkaline 
earths,  gum  arable,  or  dextrin.    4.  When  boiled  with  mercuric 
nitrate  (Millon's  reagent  * ),  they  all  give  a  deposit  which  turns  red 
alter  a  while,  the  supernatant  liquors  also  becoming  red.  They 
rotate  the  plane  of  polarisation  more  or  less  to  the  left. 

Proteids  may  be  conveniently  divided  into  the  following  classes : 
Class  I.  Albumins. — Soluble  in  water. 
_  1.  Serum  Albumin  is  the  most  abundant  albuminous  substance 
in  animal  bodies.  It  can  be  obtained  tolerably  pure  from  blood- 
serum  by  precipitation  with  lead  acetate,  washing  with  water,  sus- 
pending the  precipitated  lead-compound  in  water,  and  decomposing 
It  with  carbonic  acid  ;  then  by  filtration  a  very  cloudy  solution  of 
albumin  is  obtained. 

Serum  albumin  forms  a  yellow  elastic  transparent  substance, 
which  when  perfectly  dry  can  be  heated  to  100°  without  change. 
It  IS  soluble  ui  water,  and  precipitable  by  alcoliol ;  long  continued 
action  of  alcohol  changes  it  into  coagulated  albumin.  Its  .specific 
rotation  is  -  56°  for  yellow  light.  It  is  not  precipitated  by  carbonic, 
acetic,  tartaric,  or  pho.sphoric  acid,  or  by  other  mineral  acids,  when 
very  dilute,  and  added  in  small  quantity;  large  quantities  of  acid 
precipitate  it  immediately  ;  nitric  acid  acta  most  strongly. 

*  Prepared  by  gently  warming  mercury  with  an  equal  quantity  of  strons 
nitric  acid  till  it  is  dissolved,  then  diluting  the  liquid  with  twice  its  bulk  of 
wa  er,  and  leaving  the  ijrecipitate  to  settle.  The  clear  superualaut  liquid  is 
Millon's  reagent.  ^ 

t  Hoppe-Seyler,  Handbuch  der  physiologischen  Chemie. 
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2  Egg  Albumin  diEEers  from  serum  albumin  by  gradually 
"ivin.:^  a  precipitate  wben  agitated  with  ether ;  oil  of  turpentine 
also  coagulates  it.  Serum  albumin  dissolves  easily  in  strong  nitric 
acid,  whilst  egg  albumin  is  nearly  insoluble  therem.  The  specihc 
rotation  of  egg  albumin  is  -  35-5°  for  yellow  light. 

The  so-called  vitellin  contained  in  solution  in  the  yolk  ot  egg  is  a. 
mixture  of  albumin  and  casein. 

3  Plant  Albumin  occurs  in  nearly  all  vegfetable  juices,  espe- 
eialiy  in  potatoes  and  in  wheat-flour.  _  It  coagulates  by  heat,  and 
bears  a  close  resemblance  to  egg  albumin. 

Class  II.  Globulins.— Insoluble  in  water,  soluble  in  very 
dUute  acids  and  alkalis,  soluble  in  dilute  (1  per  cent.)  solutions  of 
sodium  chloride  and  other  neutral  salts. 

1.  Myosin.— This  substance  was  first  separated  by  Kiihne  from 
other  albuminous  matters  occurring  in  the  protoplasma  or  con- 
tractile muscular  substance  that  causes  the  rigor  mortis.  To  pre- 
pare it,  well  cut-up  flesh  is  carefully  washed  with  water,  and  the 
mass  is  then  placed  in  a  mbcture  of  one  volume  of  concentrated 
solution  of  common  salt  to  two  volumes  of  water ;  these  are  con- 
tinually rubbed  together  and  filtered  through  linen  ;  the  slimy 
filtrate  is  allowed  to  drop  into  a  large  quantity  of  distilled  water 
The  myosin  is  redissolved  m  solution  of  sodium  chloride,  and 
reprecipitated  by  much  water.  It  is  insoluble  in  water,  sohible 
in  solution  of  common  salt  under  10°,  soluble  m  very  dilute 
hydrochloric  acid,  but  in  this  solution  it  passes  by  degrees  into 
acid  albumin  or  syntonin ;  in  dilute  alkaU,  myosm,  like  other 
albuminous  matters,  is  soluble,  being  changed  into  albummate. 
By  heat  it  is  changed  into  coagulated  albumiu.  It  is  also  coagu- 
lated by  alcohol. 

2.  Globulin  (FaraglobuUn,  ParagloUn).— When  fresh  blood- 
serum  is  diluted  tenfold  with  water,  and  a  brisk  stream  of  carbonic 
acid  passed  through  it,  a  fine  granular  precipitate  is  formed,  which 
may  be  separated  by  decantation  and  filtration,  and  washed  vnth 
water.  The  same  substance  may  be  prepared  by  saturating  blood- 
seruni  with  sodium  chloride  (or  magnesium  sulphate,  &c.),  as  m 
the  case  of  myosin.  A  certain  amount  of  the  salt  always  chugs  to 
the  precipitate.  .  „ 

Globulin  is  exceedingly  soluble  in  dilute  saline  solutions  (trom 
which  it  may  be  precipitated  unchanged  by  carbonic  acid  gas  or 
exceedingly  dRute  acids).  It  is  insoluble  in  water,  but  dissolves 
when  the  water  is  saturated  with  oxygen,  and  may  be  precipi- 
tated by  carbonic  acid. 

In  excessively  dilute  alkalis  globuHn  dissolves  Mathout  alter- 
ation ;  in  solutions  containing  about  1  per  cent,  of  the  alkali,  it 
dissolves  as  albuminate.  By  dilute  acids,  however  leebie  it  is 
changed  in  solution  into  acid-albumin.  Suspended  m  water  and 
heated  to  70°,  it  enters  into  the  insoluble  or  coagulated  state. 
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Globulin  is  present,  not  only  in  serum  of  blood,  but  also  in 
aqueous  humom-,  m  the  juice  of  the  cornea,  connective  tissue  &c 
Deriyed  h-om  the  fai-st  of  these  soui-ces,  globulin  is  fibrinopla'stic 
^.e.,  It  has  the  power  of  acting  in  concert  mth  certain  fluids  (fibrino- 
genous)  m  such  a  manner  as  to  give  rise  to  fibrin  (p  628)  The 
mystallme  lens  contains  a  substance  which  is  not  fibrinoplastic, 
clesciibe?''''^  other^respects  closely  resembles  the  globuUn  just 

J'^^^i^op^—When  hydrocele  fluid,  pericardial  fluid,  or 
any  other  fluid  capable  of  giving  a  clot  with  blood-serum  or  para- 
Shln^'  r^^'"^  ''^^^°Pted  for  globulin,  a  simHar 

substance  is  produced  which  resembles  globuHn  in  evei'y  respect, 
except  that  the  carbomc  acid  precipitate  is  more  difiicult  to  ob- 
tam  and  more  flaky  and  that  the  substance  is  more  readilv  thi'own 
down  from  the  hquids  m  which  it  is  formed,  by  a  mixture  of  alcohol 
and  ether;  also  by  the  fact  that  it  is  fibrinogenous,  i.e.,  produces 
fibnn  when  mixed  with  fibrinoplastic  globulin. 

Class  III.  Derived  ALBUMiNS.-Insoluble  in  water,  and  in 
solutions  of  sodium  chloride;  soluble  in  dilute  acids  and  alkalis. 

1.  Acid-albumin.— If  a  smaH  quantity  of  dilute  acid  (hydro- 
chloric  or  acetic)  be  added  to  serum-  or  egg-albumin  no  prec  pi- 

temr,er.T  '^Tlf'"'-''^''  '""^  on^radually 'raising  t^he 

&t  i  ?  to  70°,  it  Mdll  be  found  that  coagula- 

ITfhl  !  ^^"g^^  temperature  has  been  entirely  preveSted. 

At  the  same  time  the  influence  of  the  fluid  on  polarised  light  has 
been  altered.    The  rotation  to  the  left  has  becom'e  increased  to  72°. 

On  carefully  neutralising  the  cooled  mixture,  the  whole  of  the 
proteid  matter  IS  thrown  do^vn  as  a  white,  flocculent,  frequently 
gelatinous  precipitate.  The  action  of  the  acid  has  converted  th^ 
albumin  soluble  in  water  into  a  substance  insoluble  in  water  The 
precipitate  is  very  readily  soluble  in  excess  of  the  alkali  used  for 
neutra  isation,  may  be  reprecipitated  by  again  neutralising  with 
an  acid  again  redissolved  by  excess,  and  so  on.  It  is  also  soluble 
m  dilute  solutions  of  alkaline  carbonates.  It  is  insoluble  in 
soclium  chloride  solution,  and  may  be  precipitated  from  its  solu- 
,  ^^o'^y.t^e  addition  of  that  salt.    Suspended  in  water  and  heated 

iu\u  coagulated  or  insoluble  condition. 

All  the  globulins  of  Class  11.  are  readily  soluble  in  dilute  acids; 
nut  by  the  act  of  solution  they  are  at  once  converted  into  acid- 
aibumin,  the  precijntate  foi-med  by  neutralisation  being  no  longer 
soluble  m  neutral  saline  solutions. 

2.  Alkali-Albumin  or  Albuminate.  Casein.— When  albu- 
minous substances,  egg-  or  seruni-allnimin,  for  example,  are 
treated  with  dilute  caustic  alkali  instead  of  acid,  coagulation  by 
fieat  18  similarly  prevented,  and  the  whole  of  the  proteid  may  in 
me  manner  be  thrown  down  on  neutralisation.  Some  of 'the 
bodies  thus  produced  agree  weU  together,  and  cannot  be  distin- 
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o-uished  from  tlie  casein  of  milk,  although  most  prohably  casern  is 
not  identical  with  artihcial  albuminate,  and  the  bodies  which  are 
iiroduced  by  the  action  of  potash  on  different  albuminous  sub- 
stances may  differ  slightly  one  from  the  other,  as  is  evident  m  the 
difference  of  their  rotatory  action  on  polarised  light. 

Casein  occurs  most  plentifully  in  the  milk  of  animal  feeders,  and 
is  best  obtained  from  milk  by  precipitating  with  crystalline  mag- 
nesium sulphate,  filtering  and  washing  with  a  concentrated  solution 
of  salt,  then  dissolving  the  precipitate  in  water;  the  butter  is 
filtered  off,  and  the  clear  solution  precipitated  by  dilute  acetic  acid 

Dried  casein  and  albuminate  are  yellow,  transparent,  and 
hyoroscopic,  swelhng  up  in  water,  but  not  dissolvmg.  When 
preliipitated  in  a  flocky  state,  they  dissolve  easily  in  water  if  it 
contains  a  little  alkali.  The  precipitate  which  forms  on  neutralis- 
ing the  alkaline  solution,  dissolves  easdy  in  an  excess  of  acetic 
acid  or  dilute  hydi-ochloric  acid.  On  the  addition  of  an  excess  of 
mineral  acid,  or  on  neutralisation  with  an  alkali,  these  solutions 
give  a  precipitate.  .  . 

The  neutral  or  feebly  alkaline  albuminate,  and  casern  m  alkaline 
solution,  are  precipitated  in  the  cold  by  alcohol:  when  hot  they 
are  dissolved.  By  fusion  Math  potassium  hydrate,  casein  yields 
valeric  and  butyric  acids,  besides  other  products. 

The  most  striking  property  of  casein  is  its  coagulability  by 
certain  animal  membranes,  as"  is  seen  in  the  process  of  cheese- 
making,  in  preparing  the  curd,  the  coagulation  being  eflected  by  an 
infusion  of  the  stomach  of  the  calf  called  rennet. 

Plant-casein  or  Legumin  is  found  chiefly  in  the  seeds  oi 
leguminous  fruits,  from  the  juice  of  which  it  may  be  precipitated  by 
acetic  acid  or  by  rennet. 

Class  IV. — Fibrin.— Insoluble  in  water ;  sparingly  soluble  in 
dilute  acids  aud  alkalis,  and  in  neutral  saline  solutions. 

This  is  the  substance  to  which  the  clotting  of  blood  is  due.  It 
may  be  obtained  by  washing  blood-clots,  or  more  readily  by  stir- 
riuc'  with  a  bundle  of  twigs,  blood  just  shed,  before  it  has  had  tmie 
to  clot.  The  fibrin,  which  adheres  in  layers  to  the  twigs,  may 
then  be  stripped  oft'  and  washed  till  perfectly  white.  The  forma- 
tion of  fibrin  is  due  to  the  contact  of  fibmioplastic  and  fibrogeuous 
substance.  When  these  two  substances  come  into  contact  in  any 
auid,  they  combine,  quickly  or  slowly,  according  to  the  greater  or 
lesser  quantity  of  each  substance  in  the  fluid,  to  form  fibrin. 

Fibrin  difters  from  all  other  solid  proteids  in  having  a  filament- 
ous structure,  and  in  possessing  remarkable  elasticity.  It  is 
insoluble  in  water,  dilute  hydrochloric  acid,  and  aqueous  sodium 
chloride,  but  dissolves  at  40°  in  aqueous  potassium  nitrate. 

Plant-fibrin  occurs  as  an  insoluble  substance  in  plants, 
es])uciaUy  in  the  seeds  of  cereal  grasses.  When  wheat-flour  is 
stirred  up  to  a  paste  with  water,  and  kneaded  for  some  time,  the 
starch  granules  and  soluble  albumin  are  removed,  and  there  remains 
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a  tenacious  mass  called  gluten ;  and  by  boiling  this  substance 
with  dilute  alcohol  to  remove  vegetable  gelatin  (gluten)  and  ex- 
tracting the  fats  with  ether,  the  plant  fibrin  is  obtained  in  the  form 
of  a  greyish-white,  tough,  elastic  mass.  It  dissolves  in  very  dilute 
hydi-ochloric  acid,  and  in  dilute  alkalis,  and  is  precipitated  from 
these  solutions  by  neutral  salts,  and  by  acetic  acid.  By  boilino- 
with  dilute  sulphuric  acid,  plant  fibrin  is  resolved  into  leucine' 
tyrosine,  and  glutamic  acid.  ' 

Class  V.  Coagulated  Proteid.— Coagulated  albumin  is  formed 
from  albumin,  syntonin,  fibrin,  myosin,  &c.,  by  heating  their  neutral 
solutions  to  boiling,  or  by  the  action  of  alcohol.  Egg  albumin  is 
also  changed  into  coagulated  albumin  by  strong  hydrochloric  acid 
and  by  ether.  The  albuminates,  and  also  casein,  when  precipitated 
by  neutralisation,  pass  into  coagulated  albumin  when  heated.  The 
coagulated  albuminous  substances  are  insoluble  in  water,  alcohol 
and  other  indifferent  fluids,  scarcely  soluble  in  dilute  potash^ 
soluble  with  great  difficulty  in  ammonia.  In  acetic  acid  they  swell 
up,  and  gradually  dissolve.  They  are  mostly  insoluble  in  dilute 
hydrochloric  acid ;  but  when  pepsin  is  also  present  at  blood  heat, 
they  change  first  into  syntonin,  and  then  into  peptone.  They  are 
dissolved  by  strong  hydrochloric  acid,  and  by  caustic  potash  they 
are  changed  into  albundnates. 

Class  VI.  Peptones.— By  the  action  of  the  acid  gastric  juice, 
all  albuminous  substances  are  changed  into  bodies  called  peptones. 
These  are  found  only  in  the  stomach  and  in  the  contents  of  the 
small  intestines.  They  can  no  longer  be  detected  in  the  chyle. 
They  are  highly  diffusible,  easily  soluble  ia  water,  insoluble  in 
alcohol  or  ether ;  but  alcohol  separates  them  with  difficulty  from 
the  watery  solution  ;  when  precipitated  they  remain  unchanged 
even  after  boiling.  They  are  not  precipitated  either  by  acids  or  by 
alkalis.  Acetic  acid  and  potassium  ferrocyanide  give  no  precipi- 
tate ;  but  corrosive  sublimate  and  lead  acetate  with  ammonia  give 
precipitates. 

The  reactions  of  the  several  proteids  above  described  may  be 
tabulated  as  follows : — 
Soluble  in  water: 

Aqueous  solutions  not  coagulated  by  boiling.  Peptones. 

Aqueous  solutions  coagulated  by  boiling,        .  Albumins. 
Insoluble  in  water : 

Soluble  in  a  1  p.  c.  solution  of  sodium  chloride,  Globulines, 
Insoluble : 

Soluble  in  hydrochloric  acid  (01  p.  c.)  in  the 
cold : 


Soluble  in  hot  spirit, 
Insoluble  in  hot  spirit. 


(  Alkali- 
(  albumin. 
(  AciD- 
(  albumin. 
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'  InaohiMe  in  hydrochloric  acid  (01  p.  c.)  in  the 
cold : 

Soluble  in  hydrochloric  acid  (O'l  p.  c.)  at  60°,  FiBRlx. 
lusoluble  in  hydrochloric  acid  (0.1  p.  c.)     ]  Coagulated 

60° ;  insoluble  in  strong  acids ;  soluble  >  ^^^lbujuk. 

in  gastric  juice,  ) 


Substances  relating  to  the  Proteids. 

Hsemoglobin,  54-2  oxygen,  7-2  hydrogen,  0-42  iron,  16-0  nitro- 
gen, 21-5  oxygen,  and  0-7  sulphur;  also  called  Hmmatoglobulin  and 
Eaimatocrystallin. — This  substance  forms  the  chief  part  of  the  red 
globules  of  the  blood  of  vertebrata;  usually  it  is  obtained  hi  an 
amorphous  condition,  but  fi-om  the  blood  of  some  animals — as,  for 
example,  dogs,  cats,  rats,  mice,  and  many  fish — it  can  be  separated 
in  the  crystalUne  form.  Eed  crystals  can  be  obtained  from  dog's 
blood  by  mixing  the  defibrinated  blood  with  an  equal  quantity  of 
water,  adding  1  volume  of  alcohol  to  4  volumes  of  the  diluted  blood, 
and  leaving  it  at  rest  at  0°  or  lower.  After  24  hom-s  the  hsmo- 
globin  separates  in  small  violet-red  rhombic  octohedrons.  After 
drying  over  sulphuric  acid  it  forms  a  brick-red  powder.  It  dis- 
solves in  cold  water,  forming  a  red  solution,  from  which  it  is 
precipitated  in  the  crystalline  form  by  alcohol.  At  ordinary  tem- 
peratures the  solution  decomposes  and  turns  brown. 

The  aqueous  solution  of  haamoglobin  (or  of  blood)  exhibits  in  its 
spectrum  two  absorption-bands  situated  between  the  Frauenhofer 
lines  D  and  E  (in  the  yellow  and  green). 

Heemoglobhi  unites  with  certain  gases  forming  peculiar  unstable 
compounds.  The  solution  containing  oxygen  has  a  deep  red  coloirr ; 
the  solution  free  from  oxygen  is  dark  purple  (arterial  and  venous 
blood);  the  absorption-bauds  are  exhibited  only  by  the  oxygenated 
solution.  Carbon  monoxide  displaces  the  oxygen,  and  forms  with 
the  hismoglobin  a  compound  which,  on  addition  of  alcohol  separates 
in  bluish  crystals :  this  appears  to  be  the  cause  of  the  deleterious 
action  of  carbon  monoxide  on  animals. 

Oxygenated  haemoglobin  is  resolved  by  dilute  acids  or  alkalis 
into  two  proteids,  fatty  acids,  and  a  colouring  matter  called 
he  matin,  which  in  the  dry  state  is  a  dark  blue  powder.  _  It 
contains  9  per  cent,  of  iron,  and  appears  to  have  the  composition 

C3,H3,FeNA-  . 
When  htemoglobin  (or  blood)  is  wai-med  wath  strong  acetic  acid 

and  solution  of  common  salt,  a  substance  called  hem  in  separates 

in  yellowish-red  microscopic  rhombic  crystals,  the  formation  of 

which  serves  as  a  delicate  indication  of  the  presence  of  blood. 

Related  to  the  proteids  are  also  many  ferments,  such  as  eniulsin 
or  .synaptase,  occiu-ring  in  almonds;  diastase  (p.  206),  which 
is  formed  from  vegetable  fibrin  in  the  germination  of  seeds,  and 
is  characterised  by  the  property  of  converting  starch  and  dex- 
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tria  into  sugar  ;  myrosin  from  mustard-seeds  (p.  104);  ptyalin, 
the  ferment  of  saliva,  which  also  converts  starch  into  dextrin  and 
sugar;  pepsin,  which  is  contained  in  gastric  juice,  and  possesses 
the  power,  in  conjunction  with  hydrochloric  acid,  of  dissolving  the 
insoluble  proteids  and  converting  them  into  peptones. 

Mucin  is  the  chief  constituent  of  animal  mucus,  and  is  precipi- 
tated by  alcohol  and  dilute  acetic  acid. 

The  horny  substances  of  horns,  nails,  hoofs,  hairs,  feathers, 
and  the  epidermis,  are  also  nearly  related  to  the  proteids,  having 
indeed  the  same  composition,  except  that  they  contain  more  sulphur 
(•2—5  p.  c).  They  dissolve  easily  in  alkalis,  with  formation  of  sul- 
phides. Nitric  acid  turns  them  yellow.  Boiled  with  dilute  sul- 
phuric acid  they  yield  leucine  and  tyrosine. 


Brain  Constituents. 

When  brain  or  spinal  marrow  is  boiled  with  water,  creatine, 
inosite,  lactic  acid,  uric  acid,  and  other  substances,  it  dissolves,  and 
from  the  residue  ether  extracts  fats,  cholesterin  (p.  507),  cerebrin,  and 
lecithin.  On  cooling  the  solution,  the  two  latter  substances  are 
first  deposited,  and  may  be  separated  by  cold  ether,  which  dissolves 
only  the  lecithin.  The  so-called  protagon  is  a  mixture  of  cerebrin 
and  lecithin. 

Cerebrin  or  Cerebric  Acid,  C^yllggNOg,  is  a  light  amorphous 
powder,  without  taste  or  smeU  ;  swells  up  like  starch  when  LoiLed 
with  water,  and  is  converted  by  boiling  with  dilute  acids  into  a 
saccharine  substance,  and  other  products. 

Lecithin,  C42H8,jNP09,  is  widely  diffused  in  the  animal  organism, 
occurring  especially  in  the  brain  nerves,  yolk  of  eggs,  blood-corpus- 
cles, &c.  It  is  best  prepared  by  exhausting  egg-yolk  with  a  mixtiue  of 
alcohol  and  ether,  evaporating  the  ether,  adding  an  alcoholic  solu- 
tion of  platinic  chloride,  decomposing  the  yellow  platinochloride 
(C42H83NPOg'Cl)2.PtCl4,  with  hydrogen  sulphide,  and  evaporating 
the  filtrate. 

Lecothin  is  a  waxy,  indistinctly  crystalline  mass,  which  dissolves 
in  alcohol  and  ether,  and  swells  up  in  water,  forming  an  opales- 
cent solution  or  emulsion,  from  which  it  is  precipitated  by  various 
salts  of  the  alkali-metals.    It  unites  both  with  bases  and  with  acids. 

By  boiling  with  acids,  or  with  baryta-water,  lecithin  is  resolved 
into  choline,  glycerophosphoric  acid,  palmitic  acid  and  oleic  acid. 
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TABLE 


OF  THE  PROPORTION  BY  WEIGHT  OF  ABSOLUTE  OR  REAL  ALCOHOL  IN 
100  PARTS  OF  SPIRITS  OF  DIFFERENT  SPECIFIC  GRAVITIES  (FOWNES). 


Sp.  Gr.  at  60°  F. 

Per- 
centage 

Alcohol. 

bp.  Gr.  at  bU  r . 
(15-5°  C.) 

Per- 
centage 
of  real 
Alcohol. 

op.  \JT.  all  DU    r  . 

(15-5°  C.) 

Per- 

of  real 
Alcohol. 

0-9991- 

0-5 

0-9511 

34 

0-8769 

68 

0-9981 

1 

0-9490 

35 

0-8745 

69 

0-9965 

2 

0-9470 

36 

0-8721 

70 

0-9947 

3 

0-9453 

37 

0-8696 

71 

0-9930 

4 

0-9434 

38 

0-8672 

72 

0-9914 

5 

0-9416 

39 

0-8649 

73 

0-9898 

6 

0-9396 

40 

0-8625 

74 

0-9884 

7 

0-9376 

41 

0-8603 

75 

0-9869 

8 

0-9356 

42  ■ 

0-8581 

76 

0-9855 

9 

0-9335 

43 

0-8557 

77 

0-9841 

10 

0-9314 

44 

0-8533 

78 

0-9828 

11 

0-9292 

45 

0-8508 

79 

0-9815 

12 

0-9270 

46 

0-8483 

80 

0-9802 

13 

0-9249 

47 

0-8459 

81 

0-9789 

14 

0-9228 

48 

0-8434 

82 

0-9778 

15 

0-9206 

49 

0-8408 

83 

0-9766 

16 

0-9184 

50 

0-8382 

84 

0-9753 

17 

0-9160 

51 

0-8357 

85 

0-9741 

18 

0-9135 

52 

0-8331 

86 

0-9728 

19 

0-9113 

53 

0-8305 

87 

0-9716 

20 

0-9090 

54 

0-8279 

88 

0-9704 

21 

0-9069 

55 

0-S254 

89 

0-9691 

22 

0-9047 

56 

0-8228 

90 

0-9678 

23 

0-9025 

57 

0-8199 

91 

0-9665 

24 

0-9001 

58 

0-8172 

92 

0-9652 

25 

0-8979 

59 

0-8145 

93 

0-9638 

26 

0-8956 

60 

0-8118 

94 

0-9623 

27 

0-8932 

61 

0-8089 

95 

0-9609 

28 

0-8908 

62 

0-8061 

96 

0-9593 

29 

0-8886 

63 

0-8031 

97 

0-9578 

30 

0-8863 

64 

0-8001 

98 

0-9560 

31 

0-8840 

65 

0-7969 

99 

0-9544 

32 

0-8816 

66 

0-7938 

100 

0-9528 

33 

0-8793 

67 
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TABLE 


OF  THE  PROPORTION  BY  VOLUME  OF  ABSOLUTE  OR  REAL  ALCOHOL  IN 
100  VOLUMES  OF  SPIRITS  OF  DIFFERENT  SPECIFIC  GRAVITIES  (GAY- 
LUSSAC)  AT  59°  F.  (15°  C). 


100  vol.  Spirits. 

100  vol.  Spirits. 

100  vol.  Spirits. 

Contain 

Contain 

Contain 

Spec.  Grav. 

vol.  of 
real 
Alcohol. 

Spec.  Grav. 

vol.  of 

real 
Alcohol. 

Spec.  Grav. 

vol.  of 
real 

A  Ipfili  n] 

1-0000 

0 

0-9608 

34 

0-8956 

68 

0-9985 

1 

0-9594 

35 

0-8932 

69 

0-9970 

2 

0-9581 

36 

0-8907 

70 

0-9956 

3 

0-9567 

37 

0-8882 

71 

0-9942 

4 

0-9553 

38 

0-8857 

72 

0-9929 

5 

0-9538 

39 

0-8831 

73 

0-9916 

6 

0-9523 

40 

0-8805 

74 

0-990.3 

7 

0-9507 

41 

0-8779 

75 

0-9891 

8 

0-9491 

42 

0-8753 

76 

0-9878 

9 

0-9474 

43 

0-8726 

77 

0-9867 

10 

0-9457 

44 

0-8699 

78 

0-9855 

11 

0-9440 

45 

0-8672 

79 

0-9844 

12 

0-9422 

46 

0-8645 

80 

0-98-3.3 

13 

0-9404 

47 

0-8617 

81 

0-9822 

14 

0-9386 

48 

0-8589 

82 

0-9812 

15 

0-9367 

49 

0-8560 

83 

0-9802 

16 

0-9348 

50 

0-8531 

84 

0-9792 

17 

0-9329 

61 

0-8502 

85 

0-9782 

18 

0-9309 

52 

0-8472 

86 

0-9773 

19 

0-9289 

53 

0-8442 

87 

0-9763 

20 

0-9269 

54 

0-8411 

88 

0-9753 

21 

0-9248 

56 

0-8379 

89 

0-9742 

22 

0-9227 

56 

0-8346 

90 

0-9732 

23 

0-9206 

67 

0-8312 

91 

0-9721 

24 

0-9185 

58 

0-8278 

92 

0-9711 

25 

0-9163 

59 

0-8242 

93 

0-9700 

26 

0-9141 

60 

0-8206 

94 

0-9690 

27 

0-9119 

61 

0-8168 

95 

0-9679 

28 

0-9096 

62 

0-8128 

96 

0-9668 

29 

0-9073 

63 

0-8086 

97 

0-9657 

30 

0-9050 

64 

0-8042 

98 

0-964.") 

31 

0-9027 

65 

0-8006 

99 

0-9633 

32 

0-9004 

66 

0-7947 

100 

0-9621 

33 

0-8980 

67 

ADDITIONS  AND  COREECTIONS. 


Page  161. 

The  pungent  liquid  called  "Vinyl  Alcohol,"  which  Berthelot  ohtained 
by  agitating  acetylene  with  sulphuric  acid  and  distilling  the  product  with 
water,  appears,  from  recent  experiments  by  Lagermark  and  Elketoff 
[Bcr.  d.  deutsch.  chem.  GescUschaft,  x.  637),  not  to  be  an  alcohol  at  all, 
but  to  consist  ofcrotonic  aldehyde,  formed  by  condensation  of  acet- 
aldehyde,  the  first  product  of  the  reaction,  and  convertible,  by  oxidation 
with  silver  oxide,  into  solid  crotonic  acid. 

Page  162. 

Propargyl  Alcohol,  C3H4O  =  CH^C.CHs.OH,  the  only  known 
alcohol  of  the  series  CnH2n-20,  is  formed  by|the  action  of  KOH  on 
brominated  allyl  alcohol,  CH2=CBr.CH2.0H."  It  is  a  colourless,  very 
fragrant  liquid,  soluble  in  water.  Sp.  gr.  0  -963  at  21°.  Boiling  point 
114°~115°.  With  silver  nitrate  it  forms  a  white  precipitate,  CgH.^Ag.OH, 
and  with  an  ammoniacal  solution  of  cuprous  chloride,  a  yellow  precipitate, 
C3H4CU.OH,  which  explodes  when  heated.  "With  PBrg  it  forms  pro- 
pargyl bromide,  CgHgBr,  a  liquid  boiling  at  88°-90° ;  and  with  acetyl 
chloride,  the  acetic  ether,  C3H3.O.C2H3O,  which  boUs  at  125°. 

Mhyl  Propargylaie,  C3H3.O.C2H5,  formed  by  the  action  of  alcoholic 
potash  on  dichloroglycide,  allyl' tribromide,  and  several  similar  haloid 
compounds,  is  a  pungent  liquid,  boiling  at  81°-85°,  and  having  a  sp.  gr. 
of  0-83  at  7°.  "With  silver  nitrate  it  forms  a  white  precipitate, 
C3H2 Ag.  0.  C.2H5,  and  with  ammoniacal  cuprous  chloride  a  yeUow  precipi- 
tate, C3H2CU.O.C2H5. 

Page  588. 

Purpuroxanthic  Acid,  CigHgOg  =  CJ4H7O4.CO2H,  is  a  constituent  of 
commercial  purpurin,  from  which  it  may  be  extracted  by  means  of  boil- 
ing alum-liquor.  It  is  more  soluble  in  boiling  water  than  most  madder 
colours  ;  crystallises  from  hot  alcohol  in  yellow  needles  ;  melts  at  231°, 
and  splits  up  at  232°-233°  into  CO^  and  purpuroxanthin.  It  dissolves  in 
a  boiling  solution  of  ferric  chloride  with  deep  reddish-brown  colour,  and 
is  reprecipitated  by  hydrochloric  acid  in  yellow  flocks. 

Purpuroxanthic  acid  is  most  probably  identical  with  Munjislin,  a 
colouring  matter  extracted  some  years  ago  by  Dr.  Stenhouse  from  Munjcct 
or  East  Indian  madder,  this  substance  being  also  resolved  by  heat  into 
CO.2  and  purpuroxanthin  (Schunck  and  Koemer,  Ghcm.  Soc.  Journal,  1877, 
i.  666. 

Page  590. 

Pseudopurpurin. — This  is  a  constituent  of  crude  purpurin,  hitherto 
regarded  as  a  dioxyalizarin  or  tetrao.xyauthraquinone,  Ci4H80e,  but  lately 
.shown  by  Rosenstiehl  (Co?;yj/!es  rendus,  Ixx.viv.  561)  to  consi^  of  pur- 
puvin-carbonic  acid,  Cir.HgO-  =  Ci4H705.CO.,H,  inasmuch  as  it  is 
resolved  by  heat  into  C0„  and  purpurin.  It  ia  also  readily  converted 
into  purpurin  by  alkalis,  even  at  ordinary  temperatures. 
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bination of  carbon 


and  hydrogen 

1 

Acetyl-glycocino 

383 
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acetic 

278 

aceto-acetic 

314 
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381 

acHtyl-metamidoben- 

zoic 

623 

acetyl-salicylic 

636 

aclinic 

355 
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361 
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306 

adlpic 

349 
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549 
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549 
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alphacymlc     .  , 

630 

Acid: 

PAGE 
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529 
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406 
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amidobeiizoio  , 

522 
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384 
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360 
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384 

amygdalic 

605 
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331 

amylsulphuric 
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anchoic  . 

351 
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308 
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537 
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aposorbic 

371 
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302 
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533 

azobenzoic 

626 
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405 
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314 

benic  or  behenic  . 

303 
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476 

benzenesulphinic  . 

475 
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475 

benzenesulpliurous 

475 
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476 
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573 
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573 
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351 
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broniobonzolc  . 
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bromoproplonlc 
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346 
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290 
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357 
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catcchu-tannic 
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303 
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clilonicetic 

286 
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520 
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289 

cbloropyrotartaric 

349 

cliolic 

622 

chi'ysophanic  . 

691 

chrysammic  . 

689 

clirysaniiilc 

623 

eimicic 

310 

ciiinamenyl-acrylio 

534 

cinnamenyl-angelic 

634 

cinnanienyl-orotonio 

534 

cinnamic  . 

630 

citraconlc 

363 

citranialic 

3G0 

citric 

370 

coumarlc  , 

640 

crcaotic  .       ,  . 

537  *• 

croconie  . 

370 

crotonic  . 

307 

cumonyl-acryllc 

633 

oumenyl-angelic 

633 

cumenyl-crotonic  . 

633 

cuniic 

630 

cumldlo  ,      ,  \ 

663 

636 
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damolic  .  .  .  310 
deliydiacetic  .  .  316 
deoxalic  .  .  .  373 
dextrotartaric  .  364 
dialuric  .  .  .  405 
diamidobenzoic  .  626 
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di-isopropyloxalic  .  331 
dilituiic  .  .  .406 
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diphenyl-glycollic  .  573 
diphenylsulphonlc  .  664 
doeglic  .  .  .312 
durylic  .  .  .530 
elaidic  .  .  .  311 
eUagic  .  .  .546 
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ethiiiene-lactic       .  323 

ethionic  .      .      .  174 

ethonietlioxalic      .  305 
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glyceric  .       .  .  355 

glycncholic  .  .  622 
glyoxylic   or  giy- 
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hippuric  .      .  .  524 

liomotartaric  .  .  369 
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levotartaric     .  .  367 

linoleic    .      .  .  312 

lithic      .       .  .400 

lithofellic       .  .  622 

malaniic  .       .  .  416 

mnleic     .       .  .  352 

malic      .       .  .  358 

malonic  .       .  .  343 

mandelic .       .  .  537 

mannitic  .      .  .  372 

margaric.       .  .  299 

meionic  .       .  .  3G2 

melilotic  .      .  .  538 

melissic  .       .  .303 

mellitic   .       .  .  555 

mellophanic   .  .  555 

mesaconic      .  .  353 

mesitylenic    .  .  529 

mesotartaric  .  .  369 

mesoxalic       .  .  344 

metapectic      .  .  621 

metliacrylic  .  .  308 
methcne-carbonyl- 

sulphonic  .  .  169 
methene  -  disiU- 

phonic  .  .  .  168 
methene-hydrinsul- 

phonic  .  .  .  168 
methene-protocate- 

ehuic    .      .  542 

methionic       .  .  168 

methyl-crotonlc  .  309 

methyl-ethyl-oxalic  330 

methyl-glycoUic  .  322 
methyl  -  isopropyl  - 

acetic  .      .  .  295 

methyl-lactic  .  .  326 

methyl-succinic  .  348 


methyl-paraoxyben- 

zoic  .  .  .  537 
methyl  -  protocate- 


chuic   .      .  .  542 

methyl-saliylic  .  536 

methyl-sulphonic  .  131 

moiingic  .       .  .  310 

morintannic    .  .  548 

mucic      .      .  .  373 

muconic  .      .  .  355 

myristic  .      .  .  297 

myronic  .      .  .  606 
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naphthalene  -  dicar- 

bonic  . 

580 

niiphthalenic  . 

580 

naplithalic 

581 

naphthoic 

580 

nicotic  . 

G12 

nitrobarbituric 

406 

nitrobenzene  -  sul- 

phonic  . 

475 

nitrobenzoic  . 

521 

nitrococcusic  . 

609 

nitrosomalonic 

343 

nonylic  . 

296 

CEnanthylic 

295 

oleic 

310 

opianic    .  , 

550 

orsellic  . 

543 

orsellinic. 

543 

oxalic 

337 

oxaluric  . 

408 

oxamic    .  . 

387 

oxanilic  .  . 

454 

oxonic     .  , 

411 

oxyadipic 

361 

oxybenzoic 

536 

oxybutyric 

329 

oxycamphoronic 

602 

oxyisonvltic  . 

553 

a-oxycaproic  . 

330 

oxyglutaric 

360 

oxyisocaprylic . 

331 

oxyisoheptoic . 

331 

oxyisovaleric  , 

330 

oxymaleie 

361 

oxymesitylenic 

538 

oxymethylsalphonic 

168 

oxynaphthoic 

580 

oxypropionic  . 

323 

oxypiciic 

492 

oxypyrotartaric 

360 

oxy  pyruvic 

357 

oxysalicylic  . 

541 

oxytoluic 

537 

palmitic  . 

293 

palmitolic 

313 

parabanic 

407 

paracamplioric 

602 

paraconic 

354 

paracoumaric 

540 

paralactic 

327 

parainalic 

322 

parnoxybenzoic 

536 

parapectic 

621 

paratartaric  . 

368 

paraxylic  . 

629 

parictic  . 

591 

pectic 

621 

pelargonic 

296 

pentoic  . 

292 

pentyl-formlc  . 

294 

piicnic 

479 

phetioldicarbonic  . 

653 

phenolaulphonic 

486 

phenol-tricarbonic  . 

564 

phenylacetic  . 

628 

phenyl-acrylic 

630 

phenyl-an(fellc 

633 

phqnyl-arsinlc 

459 
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phenyl-benzoic  .  572 

phenyl-cacodylic  .  459 

phenyl-carbamic  .  455 

phenyl-crotonic  .  533 
phenylene-diacetic  .  653 

phenyl-glycoUic  .  537 

phenyl-lactic  .  .  539 

plienyl-propiolic  .  633 

phenyl-propionic  .  530 
phenyl-propyl-gly- 

collic    .       .  .  54" 

phloretic  .       .  538,  606 

phosphenylous  .  458 

physetoleic     .  .  310 

phthalic         .  .  650 

picric      .       .  .484 

picrocyamic    .  .  485 

piraaric    .       ,  .  602 

pimelic    .       .  .350 

piperic     .       .  .545 

piperonylio      .  .  542 

prehnitic        .  .  555 

propionic        .  .  288 

protocatechuic  .  541 
prussic     ...  81 

pseudo-thiouric  .  411 

pseudo-uric     .  .  411 

puipuric  .       .  .  414 

purpurnxanthic  .  634 

pyromellitic    .  .  554 

pyromucie      .  .  374 

pyroracemic    .  .  356 

pyrotartaric    .  .  348 

pyroterebic     .  .  309 

pyruvic  .       .  .356 

quercitanuic    .  .  648 

quinic      .       .  .648 

racemic    .       .  .  368 

racemo-carbonic  .  373 

ratanhia-tannic  .  548 

rheic       .       .  .591 

rhodizonic      .  .  370 

riclnoleic        .  .  312 

rocceUic  .      .  .  351 

rosolic  .  ,  .  498 
ruHgallic  .       .    546,  690 

nitlc       .       .  .297 

saccharic        .  .  372 

salicylic  .      .  .  634 

sarcolactic      .  .  327 

sebic  or  sebacic  .  361 

sorbic      .       .  .  313 

.stearic     .       .  .300 

steamlic         .  .313 

styphnic  .       .  .  492 

suberic    .      .  .  350 

succlnamic     .  .  388 

succinic  .      .  .  344 

succinuric       .  .  408 

sulpliacetic     .  .  169 

sulphamylic  .  150 

sulpliobenzolc  ,  627 

siilphomannltic  .  188 

sulpliosucciiiic  .  340 

sylvic      .       .  ,  602 

tartaric    .       .  .  363 

tartaric,  Inactive  .  309 

tartranilc       .  .  417 
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tartronic         .  .  358 

taurocholic     .  .  622 

terebentllic     .  .  597 

terebic     .       .  .  697 

terephthallc  .  .  552 
tetrainethylauccinic  350 

tetrolic    .      .  .  313 

thiacetic  .       .  .  288 

thiobenzolc     .  .  518 

thiocarbamic  .  .  390 

thiocyanic      .  .  101 

thionuric        .  .  407 

thyraotic        .  .  540 

toluenesulphonic  .  476 

toluic      .       .  .  528 

tormentil-tannic  .  648 

tricarballylic  .  .  361 

trichloracetic  .  .  287 

trigenic   .       .  .395 

triglycoUamic  .  383 

trimellitic       .  .  554 

trimesic  .  .  553 

trimethylacetic  .  294 
tiimethylsulphonie .  131 

tropic      .  .  538 

ulniic      .       .  .198 

umbellic  .       .  .  5't4 

urumidobenzoic  .  525 
nric              .   400,  410 

uroxaiuc .      .  .  411 

usnic      .      .  .  544 

uvic              .  .  594 

uvitic             .  .  552 

valeric     .       .  .  292 

vanillic    .       .  .  542 

veratric  .       .  .  642 

violuric   .      .  .  40S 

vulpic     .       .  .  544 

xanthic   .       .  .  333 

xylic       .       .  .629 

xylidic    .      .  .  552 

Acid-albumin     .  .  629 

Acida,  acrylic     .  .  304 

aldehydic       .  .  649 

aromatic  .  .  .  515 
arsonic  and  ar.sinic .  114 
benzotetrucarbonic  554 

chloracetic     .  .  86 


diatomic  and  bibasic 

336,  650 
diatomic  and  mono- 
basic .  .  317,  534 
ethldenesulplionic  .  175 
fiitty  .  .  .208 
lioxiitomic  ,  .  37X 
isohictic  .  .  .  320 
lactic  .  .  .  320 
monatomic  ,  268, 515 
pentatomie  .  .  371 
organic  .  .  .  26G 
oxybenzoic  .  .  6.34 
oxyca])n)ic  .  .  3.30 
oxyisobutyrio .  .  329 
oxyvaleric  .  .  330 
pcnttttnmic  .  .  371 
phnsphonlcandplios- 

phlnle  .  .  .  114 
sulphonlc  (St  sulphlnic  113 
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rAOE 

tetratomii; 

363 

Allophanic  ether 

395 

Analysis,  elemental-)' 
or    ultimate,  of 

tiiatomic  and  mono- 

Alloxan 

404 

biisic    .       .    355,  541 

AUoxantin  . 

412 

organic  com- 

triatomic and  bibasic 

tetramethyl 

615 

pounds 

8 

358,  553 

Allyl  alcohol 

162 

Anethol 

506 

triatomic  and  tribasic 

Allyl-carbamides 

397 

Anilides 

453 

361,  553 

AJlyl-cyanamide 

106 

Aniline 

447 

unsaturated  . 

351 

Allyl,  di- 

64 

halogen  derivatives  of 

448 

Aconitine  . 

621 

Allyl  ethers 

163 

nitro-derivativee  of 

450 

Acridine 

663 

isothiocyanate 

104 

alcoholic  derivatives 

Acrolein 

255 

phenol 

506 

of  ... 

451 

Acrylic  acids 

304 

thiocarbamide  105, 

400 

Aniline-black 

465 

Acrylic  aldehyde 

255 

thiocarbimide  . 

104 

Aniline-blue 

464 

Adipic  acids 

349 

Allyl-benzene 

434 

Aniline-brown  . 

465 

Aerated  bread  . 

129 

Allylene 

63 

Aniline-dyes 

462 

^sculin 

604 

AUylin 

185 

Aniline-green 

464 

Alanines 

381 

Aloin  .... 

607 

Aniline-red 

462 

Albuminate 

627 

Aluminium  ethjde 

243 

Aniline-violet 

464 

Albumins  . 

625 

methide  ... 

242 

Anisaldehyde  . 

612 

Albumins,  derived 

629 

Amber 

603 

Anise-camphor  . 

506 

Albuminoids 

624 

Amidazobenzene 

467 

Anisol   

480 

Alcohol,  ethylic,  for- 

Amides derived  from 

Anisyl  alcohol  . 

505 

mation    of,  from 

diatomic  and  bi- 

Anol .... 

606 

ethene    .       ,  2, 61 

123 

basic  acids  . 

385 

Anthracene 

583 

Alcohol, preparation  of 

derived    from  di- 

dichloride 

584 

absolute  . 

124 

atomic  and  mono- 

hydiides 

584 

Alcohol-radicles  , 

23 

basic  acids  . 

379 

Anthracenesulphonic 

Alcohols,  aromatic 

477 

derived  from  mono- 

acids 

584 

diatomic  . 

164 

basic  acids  . 

377 

Anthrachrysone 

590 

hexatomic 

187 

Amides,  primary  and 

Anthrafliivone 

688 

monatomic 

115 

secondary 

377 

Anthrahydroquinone . 

586 

normal  aromatic 

501 

Amides,  tertiary 

378 

Anthranol  . 

583 

polyglucosic  . 

196 

Amides  of  triatomic 

Anthraphenols  . 

585 

polyglyceric  . 

185 

and  tetratomic 

Antlirapui'purin  . 

590 

primary,  secondary, 

acids  . 

415 

Anthraquinone  . 

685 

and  tertiary . 

116 

Amidobenzenes  . 

447 

Anthraquinone  -  sul- 

tetriitomic 

186 

Amidocumene  and 

phonic  acid 

586 

triatomic 

109 

Amidoc}Tiienes  . 

461 

Antbrol      .  ... 

585 

Alcohols  and  ethers  of 

Amidodiphenylimide . 

467 

Antimony-bases 

234 

the  fatty  group  . 

109 

Araidoethane 

217 

Apomoi-phine 

616 

Aldehyde,  acetic 

249 

Amidoinethane  . 

216 

Arabin 

210 

halogen,  derivatives 

Amidonapjitlialenes  . 

677 

Arbutin    -  . 

605 

of       .      .  . 

251 

Amidopar^ffins 

80 

Aricine 

619 

polymeric' modifica- 

Amidophe]iols 

483 

Aromatic  acids  . 

515 

tions  of 

251 

Amidotoluenes  . 

460 

aldehydes 

508 

Aldehyde,  acrylic 

255 

Amidoxylenes  . 

461 

group 

418 

crotonic  . 

255 

Amines      .      .  80 

,  211 

Arscudimethyl  . 

230 

formic 

248 

Aminelide  and  Amme- 

Arsenic   bases,  dia- 

Aldehyde-ammonia . 

250 

line 

107 

tomic  . 

235 

Aldehyde-green  . 

464 

Ammonium  cyanide  . 

85 

monatomic 

229 

Aldehydes  derived 

Amygdalin 

604 

Ai'senio-pheuyl  chlor- 

from monatomic 

Amyl  alcohol 

148 

ide 

459 

alcohols 

244 

Amyl  cyaijide 

93 

Arscnmonomethyl 

233 

derived  from  dia- 

ethers 

IbO 

Ai'sonic  and  arsinic 

tomic  alcohols 

256 

hydrosuliihide. 

151 

acids  .  . 

114 

Aldehydes,  aromatic  . 

508 

ketones  . 

265 

Asparapin.  . 

416 

Alizarin 

687 

phenato  . 

480 

Athamaiitin 

608 

Alizarinimide 

588 

sulphide  . 

151 

Atropine 

620 

Allcalamides 

377 

A  m  vl  n^Y\  iti  o 

991 

498 

Alkali-albumin  . 

629 

Amylanilines 

452 

Australeno  . 

694 

Alkalis,  action  of  on 

Amyl-diethyl-benzene 

433 

Azaleine 

462 

organic  com- 

Amylene . 

68 

Azo-  and  diazo-com- 

pounds  . 

6 

Amylene  glycol. 

177 

pounds 

465 

Alkaloids  . 

610 

Amylpne  hydrate 

151 

Azobenzene 

466 

Alkargcn  . 

232 

Amyl-methyl-benzene 

433 

Azobenzoic  acids 

626 

Alkarsln  . 

230 

Amyl  glycerin  . 

186 

Azoparafflns 

81 

Alliintoin  . 

412 

xantharaidc  . 

334 

Azotoluciie 

467 

Allene 

03 

Amyloses , 

191 

Azoxybcnzcne  . 

466 
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Balsarns 

604 

Bai'biUoIu  . 

608 

Beci"    .      .       .  . 

127 

Beeswax 

161 

Benzai  chloride  . 

439 

Benzaltlehyde 

SOS 

Benzamide 

519 

519 

Benzene,  additive 

compounds  of 

426 

fonniitiun  nnd  pro- 

perties of 

425 

derivatives,  isomer- 

ism of  . 

420 

halngen-deri  vat  ives 

of       .      .  . 

435 

isomei'ism    in  the 

liomologues  of 

424 

nitro-derivatives  of 

442 

relations  between 
tlie  di-  and  tri- 


derivatives  of 

423 

Benzenes,  amido- 

447 

Benzenesulphamide  . 

474 

Bpnzeneaulpliochloride  474 

Benzhydrol 

569 

Benzidine  . 

663 

BenzQe 

W2 

Benzoiielicin 

607 

Benzoic  acid 

516 

Benzoic  acids,  substi- 

tuted . 

619 

aldehyde 

508 

oxide  or  anhydride 

618 

Benzoin 

571 

BenzonitrU        .      93,  441 

Benzophenone  . 

570 

Benzopinites,  and 

Benzoquercites  . 

190 

Benzosalicin 

607 

Benzoyl  chloride 

517 

sulphide  . 

518 

Benzyl  alcohol  . 

501 

chloride,  bromide. 

and  iodide  . 

439 

cinnamate 

531 

cyanide  . 

442 

ethers 

502 

ketones  . 

514 

sulphides 

602 

Benzylamine 

460 

Benzyl-dimethyl  alco- 

hol     ..  . 

503 

Benzylene  ethers 

504 

Benzyl-etliyl-benzene 

665 

Benzyl-toluene  . 

565 

Bctaine,      .      .  223 

383 

Beta-nrcin  . 

497 

Bozoar  stones 

622 

Bile-constituents 

621 

Bile-plftmcnts 

623 

Bismcthyl 

235 

Bitter  almond  oil 

508 

Bitter    iirinciples  of 

plants  . 

607 

Biuret 
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Boghead  coal  oil,  par- 

affins of 

60 

Boiling  points  of  or- 

ganic compounds 

33 

Bone-oil 

611 

Bone-gelatin 

623 

Borates,  ethylic  . 

138 

Borethyl 

237 

Boric  diethylethoxide 

238 

triethide 

237 

trimethide 

238 

Bonnethyl  , 

238 

BoiTieene  . 

601 

Borneol      ,  , 

600 

BraziUn 

608 

Bread-making 

129 

Brain -constituents 

631 

Bromacetones 

262 

Bromal 

253 

Bromahil  . 

494 

Bromethene 

67 

Bromethyl-bases 

221 

Bromethyl-triethyl- 

phosphonium 

236 

Bromhydrins 

183 

Bromine,   action  of, 

on  organic  com- 


pounds 

4 

estimation  of,  in  or- 

ganic bodies 

18 

Bromobenzenes  . 

437 

Bromobenzoic  acids  . 

620 

Bromofoim . 

73 

Bromonaphthalenes  . 

576 

Bromonitroethane 

77 

Bromonitrofiirm 

79 

Bromophenols  . 

482 

Bromopicrin 

80 

Bromopropene  . 

67 

Bromoquinones  . 

494 

Bromotoluenes  . 

440 

Bromoxylenes  . 

441 

Bnicine 

619 

Butanes 

47 

Butene 

57 

glycols  . 

176 

Butyl    alcohols  and 

ethers  . 

145 

carbinnl  . 

148 

cyanide  . 

93 

ketones  . 

265 

Butylamines 

220 

Butyl-benzene  . 

431 

Butyl,  di-  . 

49 

Butylcne  . 

67 

Butyramlde 

378 

Butyric  acids 

290 

aldehydes 

264 

coumurin        .  , 

641 

C. 

Cacodyl     •.       .  .  230 

Caffeidino  .       .  .  615 

Caffeine     •.      .  .  615 

Cajeput  oil'       .  .  601 

Camphor,  common  .  699 
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Camphor-phorone  .  602 
Camphors  "of  labiate 

phmts  .  .  .600 
Canada-balsam  .  .  604 
Cane-sugar  .  .  197 
Cane-sug.ir,  inversion 

of  .  .  174,  198 
Cannel  coal  oil,  par- 
affins of  .  .50 
Cantharidin  .  .  fios 
Caoutchouc  .  .  603 
Caproic  acids  .  .  294 
aldehyde  .  .  254 
Capronitril  .  .  93 
Carbamide  .  .  .  391 
Carbamides,  alcoholic  396 


containing  acid  ra- 


dicles  . 

398 

containing  diatomic 

acid  radicles 

400 

Carbamines 

93 

Carbanil 

455 

Carbanilaraide  . 

454 

Carbanilide 

454 

Curbnzol 

563 

Carbiraide  . 

391 

Carbimido-diamide  . 

226 

Carbinols  . 

117 

Carbo-diimide  . 

lOS 

Carbodiphenylimide  . 

458 

Carbohydrates  . 

190 

Carboketonic  acids  . 

314 

Carbolic  acid 

479 

Carbon  acids 

266 

chlorobromide 

75 

dibromide 

74 

dichloride 

75 

estimation  of,  in  or- 

ganic bodies 

8 

tetrachloride,  tetra- 

bromide,and  tetra- 

iodide  . 

74 

tribromide  and  tri- 

chloride  .  .  75 
Carbonates .  .  .331 
Carbon  -  compounds, 

nomal,  definition  of  33 

Carbonic  acid     .       .  331 

ethers     .      .      .  332 

Carbopyrrolamide     .  374 

Carbotriaminc    .       .  226 

Carmine     .       .       .  608 

Carminlcacid    .      .  608 

Carnine      .       .       .  615 

Carolin       .       .       .  608 

Carthamin  .       .       .  609 

CaiTacrol   .      .      .  490 

Ca.sein        .       ,       .  629 

Castor  oil    .      .      .  ,112 

Cellulose    .       .       .  207 

Corebrin    .      .      .  631 

Cerotene    ...  69 

Carotin      .      .      .  I60 

Ccryl  alcohol     .       .  IRQ 

cerotato  .      .      .  303 

Ceteno  •  .  .  59 
C'eiraria  islandim, 

starch  from       .  206 
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Cetyl  alcohol  .  .  160 
Chinese  wax  .  161,  303 
Chinoline  .  .  .  611 
Chitin  .  .  .605 
Chloracetic  acids  .  286 
Chlovacetones  .  .  262 
Chloral  .  .  .252 
Chlorultlehyde  .  .  251 
Chloranil  .  .  .494 
Chloi-ethane  .  .  130 
Chlorethene  .  .  67 
Chlorhydrin,  ethenic .  170 
Chlorhydrhis.  glyceric  181 
Chlorhydroquiiiones  .  493 
CMorides  of  carhon    74,  76 

(if  cyanogen  .  .  101 
Chlorine,  action  of,  on 

organic  compoiinds  4 

estimation  of,  in  or- 
ganic hodles       .  18 
Chlorolienzenes  .       .  436 
Chlorobenzoic  acids  .  620 
Chlrjrobenzyl  alcohol .  602 

chloride  .  .  .439 
Chlorobromide  of  carbon  75 
Clilorocarbonic  ethers  334 
Chloroform  .  .  72 
Chloromethane  .  .  119 
CMoronaphthalenes  .  576 
Chlorophenols  .  .  481 
Chlorophyll  .  .  609 
Chloropicrin  .  .  80 
Chloropropcne  .  .  67 
Chloroquinones  .  .  494 
Chlorotoluenes  .  .  438 
Chloroxylenes  .  .  441 
Cholesterin  .  .  507 
Cholestrophane  .  408,  615 
Choline  .  .  .222 
Chondrin  .  .  .624 
Chi-ysaniline  .  .  465 
Chrysazin  .  .  .  589 
Chrysene  .  .  .  592 
Cinchona-bases  .      .  617 


Cinchonldine     .  .619 

Cinchonine .       .  .  618 

Cinchovatine     .  .  619 

Cinnamein  .      .  .  531 

Cinnamene.       .  .  433 

Cinnaraic  aldehyde  .  509 

Cinnaniic  dibromide  .  536 

Ciimaniic  ethers  .  531 

Cinnyl  alcohol    .  .  606 

cinnamate      .  .  531 


Circular  polarisation 

in  organic  liquids  37 
Circular,  polarisation 
iind  crystalline 
form,  relation  be- 
tween ...  38 
Citraniides  .      .      .  417 
Citrates      .       .  .371 
Classification  of  or- 
ganic conipoiuids 
founded  on  the 
quantlvalenco  of 
carbon         .       .  21 
Coagulated  proteJd   .  632 
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Coal-oil,  paraffins  of  .  60 
Coal-tar  creasote      .  479 
Cobalticyanides .      .  91 
Cocaine      .       .       .  617 
Cochineal    .       .      .  608 
Codeine      .       .      .  617 
Coerulignone      .      .  668 
CoUidene    .      .  .610 
Colophony .       .  .602 
Colouring  matters     .  608 
Colza  oil     .       .  .312 
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EREATA. 

Page  429,  line  5,  for  give  read  gives. 
Page  429,  line  6,  for  gives  read  give. 

Page  449,  line  7,  colvmin  2,  for  C8H4Cl2(N02)  read  CeH3Cl2(N02) . 
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